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INTEODUCTIDN 


It is customary to divide all living organisms into two great kingdoms, 
animal and vegetable. A sharp boundary line between animal and 
vegetable life can, however, be drawn only in the case of the more 
highly developed organisms , while in those of more simple organisa- 
tion all distinctions disappear, and it becomes difficult to define the 
exact limits of Botany and Zoology. This, in fact, could scarcely be 
otherwise, as all the processes of life, in both the animal and vegetable 
kingdoms, are dependent on the same substance, protoplasm. The 
more elementary the organism, the more apparent the general quali- 
ties of this protoplasm become, and hence the correspondence 
between the lower organisms is specially striking. With more compli- 
cated, organisation, the specific differences increase, and the character- 
istics distinguishing animal from vegetable life become more obvious. 
For the present, it must be confessed, the recognition of an organism, 
as an animal or a plant, is dependent upon its supposed correspondence 
with an abstract idea of what a plant or animal should be, based 
on certain fancied points of agreement between the members of each 
class. A satisfactory basis for the separation of all living organisms 
into the categories of animals or plants can only be obtained -when it 
is shown that all organisms distinguished as animals are in reality 
genetically connected, and that a similar connection exists between 
all plants. The method by which such evidence may be arrived at 
has been indicated m the Theory of Evolution 

From the palaeontological study of the imprints of fossil animals 
and plants, it has been established that in former epochs forms of 
life differing from those of the present age existed on the earth It 
is also generally assumed that all living animals and plants have 
been derived from previously existing forms. 

The conclusion is a natural one, that those organisms possess- 
ing almost exactly similar structures which have been united as 
species under the same genera are in reality related to one another 
Indeed, it is permissible to take a further step, and assume that the 
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union of corresponding genera into one family serves to give expression 
to a real relationship existing between them. 

The evolution of a living organism from others previously existing 
and different in form has been distinguished by Haeckel as its 
phylogenetic developme t or Phylogeny. Every organism arising 
from a like organism must, before attaining its mature state, com- 
plete its own mduadua development, or, as it has been termed by 
Haeckel, *oa oirrogenetic development or Ontogeny. The supposi- 
tion that the*euc«B*rvs steps in the ontogenetic development of 
an organism corresnoad to those of its phylogenetic development, 
and that the ontogeny of an organism is accordingly a more or 
less complete repetition of its phylogeny, was first asserted by Fritz 
Muller, who based his conclusions on the results of comparative 
research 

The idea of the gradual evolution of higher organisms from lower 
was familiar to the G-reek philosophers, but a scientific basis was first 
given to this hypothesis in the present century. Through the work of 
Charles Darwin m particular, the belief m the immutability of 
species has been overturned. 

Darwin is also the author of the so-called Theory of Selection. 
In drawing his conclusions, he proceeds from the variability of living 
organisms, as shown by the fact that the offspring neither exactly 
resemble their parents nor each other. To establish this theory, lie 
also called attention to the constant over-production of embryonic 
germs, by which the destruction of the greater part must inevitably 
result. If this were not so, and all the embryos produced by a single 
pair attained their full development, they would alone, in a few 
generations, completely cover the whole surface of the earth. The 
actual condition of the floras and faunas is thus maintained by the 
restricted development of the embryos. On account of insufficient 
space for all, the different claimants are engaged m an uninterrupted 
struggle, in which the victory is gained by those that, for any reason, 
have an advantage. Through this “struggle for existence,” as only 
those organisms possessing some advantage live and mature, a process 
of enforced selection between the more fortunate survivors must result 
In this manner Darwin arrived at the supposition of a process of 
Natural Selection, and confirmed his position by analogy with 
known results obtained by experimental cross-breeding and cultivation. 
Newly-developed peculiarities arising from individual variability must 
be inherited m order to become permanent characteristics of a later 
generation Just as in artificial selection, natural selection, although 
unconsciously, accomplishes this result. As individual peculiarities 
may be developed by careful breeding and rendered permanent, so 
by natural selection those qualities which are advantageous in the 
struggle for existence become more pronounced and are finally con- 
firmed by heredity. By the continued operation of natural selection. 
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organisms must result which are, in the highest degree, fitted and 
adapted to their environment. Thus, by the survival of the fittest, 
through natural selection, that adaptability to the environment is 
gradually evolved which is such a striking characteristic of organic 
life. That the transitional forms in this process of phylogenetic de- 
velopment no longer exist, is accounted for in the theory of natural 
selection by the assumption that the struggle for existence must 
necessarily have been most severe between similar organisms. For 
similar organisms must have similar necessities, and the new and 
better-equipped forms must ultimately prevail over the original less 
specialised organisms, which, thus deprived of the essential requisites 
for their existence, finally disappear. 

Although the great importance of natural selection in the develop- 
ment of the organic world has been fully recognised by most 
naturalists, the objection has been raised that it alone is not a 
sufficient explanation of all the different processes in the phylogeny 
of an organism. Attention has been called to such organs as would 
be incapable of exercising their function until in an advanced 
stage of development, and so could not originally have been of any 
advantage in a straggle for existence. How could natural selection 
tend to develop an organ which would be useless so long as it was 
still in a rudimentary condition? This objection has led to the 
supposition of an internal force residing in the substance of the 
organisms themselves, and controlling their continuous development 
in certain definite directions. Many naturalists, indeed, have gone so 
far as to affirm that only less advantageous qualities have been 
affected by the struggle for existence, while the more advantageous 
have been uninfluenced by it. 

The phylogenetic changes in the species have been so gradually 
accomplished as to have escaped observation, and indirect evidence of 
their existence is all that can be obtained. 

If the higher organisms have been evolved from the lower, there 
must, at one time, have been no sharp distinction between plants and 
animals. The simplest organisms which now exist are in all proba- 
bility similar to those which formed the starting-point in the phylo- 
genetic development of animal and vegetable life ; and it is still 
impossible to draw a sharp distinction between the lower forms of 
plants and animals. The walls which surround the elementary organs 
of the plant body, and the green colouring matter formed within them, 
have been cited as decisive indications of the vegetable character of an 
organism. Surrounded by firm walls, the living substance becomes 
more isolated, and, consequently, independence of action in plants, as 
compared with animals, is diminished. By means of the green colour- 
ing matter, plants have the power of producing their own nutritive 
substances from certain constituents of the air and water, and from the 
§alts contained in the soil, and are thus able to exist independently ; 
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while animals are dependent for their nourishment, and so for their 
very existence, on plants. Almost all the other differences which 
distinguish plants from animals may he traced to the structure of 
plants, characterised by the firm walls of the simple organs, or to the 
manner of obtaining food. Another characteristic of plants is the un- 
limited duration of their ontogenetic development, which is continuous, 
at certain points at least, during their whole life. That none of these 
criteria are alone sufficient for distinguishing plants from animals is 
evident from the fact that all the Fungi are devoid of green pigment, 
and, like animals, are dependent on green plants for their nourish- 
ment. On the borderland of the two kingdoms, where all other dis- 
tinctions are wanting, phylogenetic resemblances, according as they 
may indicate a probable relationship with plants or animals, serve as 
a guide in determining the position of an organism 

While it is thus difficult to sharply distinguish the two great groups 
of living organisms from one another, a distinction between them and 
lifeless bodies is readily recognised. Living organisms are endowed with 
the quality of irritability, in which all lifeless bodies are deficient. 
External or internal stimuli influence living organisms to an activit}', 
which is manifested in accordance with the requirements and conditions 
of their internal structure. Even m the smallest known organisms 
all manifestations of life are occasioned by a similar sensitiveness to 
external or internal stimuli. The question, however, continually arises 
whether, in the smallest and simplest organisms at present discernible 
with 1 * the highest magnifying power of the microscope, the ultimate 
limit of possible life is actually represented As this limit has always 
been extended with the increased capabilities of optical instruments, it 
would seem arbitrary to assert that it would now be impossible to 
extend it still further. Nageli accordingly assumed that beyond 
what is now made visible by the microscope there exists a world of 
still more and more simple organisms. These he conceived of as 
showing such a degradation of the vital processes that they finally 
resemble mere albuminous bodies, which, he supposed, under certain 
conditions might be produced by purely synthetic processes. In order 
that a living organism may develop out of such albuminous bodies* 
it must originally have inherent m it the capability of development, 
that is, the capability of variation and the ability to retain the 
results of this variability as new qualifications It must, in addi- 
tion, have the capability of growth, or of enlarging the mass of its 
body at the cost of foreign substances, and finally, the power of 
reproduction, that is, of multiplication by a separation into distinct 
parts 

For the substance itself which serves as a basis for all development, 
the supposition of an inorganic origin would not be incredible ; it 
would even be possible to imagine that, under certain conditions, 
this substance is continually in process of formation On the other 
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hand, it must not be forgotten that, so far as is actually known, all 
living organisms have arisen only from similar organisms. So far as 
experience has shown, spontaneous generation is unknown. In olden 
times it was a common supposition that all nature itself was endowed 
with universal life. According to Aristotle, frogs and snakes sprang 
from mud and slime. In the same degree that knowledge of the actual 
development of living organisms was extended, the previously accepted 
cases of spontaneous generation became more and more restricted, and 
were finally limited to intestinal worms which could not otherwise, it 
was thought, be accounted for, and to microscopic organisms the 
origin of which was also not understood. Now, for such organisms 
the possibility of a spontaneous generation has been disproved by more 
modern investigations ; the history of the development of intestinal 
worms is known, and the germs of organic life have been found to exist 
everywhere. Schwann and Pasteur have been pioneers in this work, 
and have shown that it is possible to hinder the development of the 
lower organisms, in places where it is customary to find them, by 
destroying all existing germs and at the same time preventing the 
entrance of new ones. It is due to the results obtained by these 
men m their investigations on spontaneous generation that we are now 
able to preserve food in a scientific manner. The germs previously 
existing in the substance to be conserved are destroyed by heat, 
while, by a proper mode of sealing, the entrance of new germs is 
rendered impossible, and the decomposition which their presence -prould 
occasion is accordingly prevented. 

All known living organisms have been derived from other living 
organisms. The attempt to relegate spontaneous generation to an un- 
known field, and to admit the origin of living from dead substances, 
has on the other hand derived support from the progress of chemical 
research. In the early decades of the present century it was customary 
to draw a distinct line of separation between organic and inorganic 
chemistry, and to assume that the substances dealt with by organic 
chemistry could only be produced by the vital action of organisms 
The laws governing inorganic chemistry appeared to have no refer- 
ence to organic chemistry, the formation of organic substance being 
due to a special force, the “life force. 55 In 1828 "Wohler obtained 
urea from ammonium cyanate, and thus for the first time produced 
an organic compound from an inorganic substance. In 1845 
Kolbe completely synthesised trichloracetic acid, and in 1850 
Berthelot synthesised alcohol and formic acid. By these results 
the former distinction between organic and inorganic chemistry was 
destroyed. Organic chemistry has become the chemistry of carbon 
compounds. 

Botany, or the science of plants, may be divided into a general and 
a special part. In the general part, the structure and functions of 
plants as such will be considered j in the special part, the particular 
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structure and functions of the separate orders of plants will be 
discussed. 

The study of the structure of plants is called Morphology ; that 
of their functions Physiology. In the general part, morphology 
and physiology will be treated separately ; in the special part, con- 
jointly. 




PART I 

GENERAL BOTANY 
SECTION I 


MORPHOLOGY 




GENEKAL BOTANY 

SECTION I 

MORPHOLOGY 

The object of vegetable morphology is the scientific study of the forms 
of plants. It does not attempt to discover the causes of the variation 
in the forms, but rather has accomplished its purpose when it succeeds 
in showing how one form may be derived from another. The basis of 
morphological study is, accordingly, phylogeny (p. 2). As phylogenetic 
development can only be inferred, and cannot be directly followed, the 
methods of morphology must also be indirect. They are dependent for 
their successful application upon ontogenetic comparison j for, in the 
ontogenetic development (p. 2) of a plant, its phylogeny is, to a certain 
extent, repeated, so that, by a comparison of transitional forms, it is often 
possible to discover a connection between plants which are apparently 
most dissimilar. As, however, the ontogeny of a plant is neither an 
exact nor invariable repetition of its phylogeny, and as connecting links 
between extreme forms are often wanting, the results of morphological 
study are frequently imperfect and incomplete. Such parts or mem- 
bers of plants which it is reasonable to presume have had a common 
origin are distinguished as Homologous ; those which, while probably 
having different origins, yet exercise the same functions, are termed 
Analogous. Through the adaptation of different parts to the same 
function, a similarity in both external form and internal structure often 
results , and in this way the correct determination of morphological 
relationships is rendered extremely difficult. Only homologous parts 
have the same morphological value. This homology is determined by 
the facts of phylogeny and origin, and not by any correspondence in 
function. On account, however, of the intimate relation existing 
between the form and function, and the modifying influence of 
tile one upon the other, it will be necessary in the morphological 
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study of the different members of plants to take into consideration 
their physiological signification, as organs. When, for phylogenetic 
reasons, it seems possible to attribute to a number of different mem- 
bers a common origin, such a hypothetical original form is termed the 
fundamental or primitive form (“ Grundform ”) The various modifica- 
tions 'which the primitive form has passed through constitute its meta- 
morphosis. In this way the theory of the metamorphosis of plants, 
which was once but an ideal conception, attains its true significance. 

Slightly differentiated structures, which are found at the beginning 
of a series of progressively differentiating forms, are termed rudi- 
mentary ; imperfect structures, which have arisen as the result of the 
deterioration of some perfect forms, are termed reduced. 

Vegetable morphology includes the study of the external form and 
the internal structure of plants. The descriptive study of the external 
form of plants has been incorrectly termed organography, for, by the 
use of the term “ organ,” it would seem to have a physiological signi- 
fication. Morphology takes no recognition of the parts of a plant as 
organs, but treats of them merely as members of the plant body. The 
study of the internal structure of plants is often designated Anatomy 
or Phytotomy , but as it usually includes also the study of the more 
minute internal structure, it resembles rather histology, in the sense 
in which that term is used by zoologists, and concerns itself to a much 
less degree with anatomy, properly speaking In any case, it is the 
simplest plan to designate the study of the outer forms External 
Morphology, and that of the inner structure Internal Morphology. 


I. EXTERNAL MORPHOLOGY 

Plants show a great diversity in the form and arrangement of 
their members ; it is the task of morphology to determine the points 
of agreement existing between them. To do this, it is necessary to 
discover a common origin for their similar but variously developed 
members. 


The Development of Form in the Plant Kingdom 

The Thallus. — The simplest form that we can imagine for an 
organism is that of a sphere, and this is actually the form of some of 
the lower plants. The green growth often seen on damp walls 
consists of an aggregation of the small spherical bodies of Gloeocapsa 
polydermatica (Fig. 1), an Alga belonging to the lowest division of the 
vegetable kingdom. The single plants of the Beer-yeast (Saceharomycrs 
cereviszae)' are ellipsoidal ; but, from their peculiar manner of growth, 
by budding, they form lateral outgrowths, and thus often appear 
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constricted (Fig. 2). Cylindrical and also disc -shaped forms are 
common to various Algae. The Diatomem (Fig. 3), in particular, 

furnish a great variety 
of spindle, canoe, helmet, 
p and fan-like shapes ; but 
^ — they may all be derived 

from the more simple FlG 2 .-Sacoharomyces 

1 ]\ - . _ r cerevisiae 1, Cells 

Spll6licHtlj dlSCOldal, or Without buds ; 2 and 

cylindrical forms. The 3, buddmg ceils. (x 

JBactena, which, as the 540 ^ 

cause of contagious diseases and of de- 

„ , , composition, have been the object of so 

a, Commend* u ent of division , much recent investigation, also exhibit a 

b, shortly alter division , c, a great diversity of form. A small quantity 

later stage. (x540 ) 0 f the white deposit on teeth will furnish 

examples of spherical, rod-like, fibrous, and spiral bacteria (Fig. 4). 
In the course of the development of a single species several of 



B 



Fig 3 — Pmnularia viridib d, Surface 
view , B , lateral view. ( x 540 ) 



Fig 4 —Bacteria from deposits on teeth a, 
Lcptothnx buccalts , a*, the same after treat- 
ment with iodine , 5, Micrococcus , c, Spir- 
'illum dciitiim after treatment with iodine , 
d , comma bacilli of the mucous membrane of 
the mouth (xSGO) 


these different forms frequently occur. The next stage in the pro- 
gressive development of external form in the vegetable kingdom 
is Exhibited by such plants as show a differentiation into apex 
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and base. The base serves as a point of attachment, while growth 
is localised at the apex In this way a growing point is developed 
at the apex. As an example of such a form, a young ^ 

plant of the green Alga, Ulva Laduca (Fig. 5), may be 
taken. The development of a more complicated external 
form is represented by the branched, filamentous, or 
band-shaped Algae, in which the origin of new formations 
is more and more restricted to the apex. An acro- 
petal order of development, in which the youngest 





Fig* 5 — Viva Lactuca, 
young stage, shoe- 
ing apex and base 
(x220 ) 


mi 



Fig. 6 — Portion of Cladophora glomerate 
(X4S.) 


Fig *7,”~Clado$tephns vetUallatit^ (Attei 
Pbingsheim, x30) 


lateral members are always nearest the growing apex, is clearly 
demonstrated by the branched filaments of the common green Alga, 
Cladophora glomerata (Fig. 6). Still more pronounced is the apical 
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growth in the brown sea- weed Clado&tephus veiticillaius (Fig. 7). 
The great variety in the form of the larger Fungi and Lichens, 
by which they are distinguished as club-, umbrella-, salver-, or 
bowl-shaped, or as bearded 
or shrub-like, is due to the 
union or intertwining of 
apically growing filaments. 

This manner of develop- 
ment is limited to Fungi 
and Lichens. In other 
cases, the more complete 
segmentation exhibited by 
the lower plants results 
from the differentiation of 
independently branching 
filaments and bands. 

As the apex itself may 
undergo successive modifications through continuous bifurcation, as 
in the case of Didyota dichotomy (Fig. 8), it does not always 

necessarily follow that the for- 
mation of new members must 
proceed directly from the ori- 
ginal apex. The highest de- 
gree of external differentiation 
among the lower plants is fnet 
with in the group of the red 
sea-weeds ( Rliodophyceae ). Many 
representatives of this class re- 
semble the higher plants in the 
formation and arrangement of 
their members ; Hydrolajoathum 
sangumeum (Fig. 9), for ex- 
ample, as is indicated by its 
name, has a strong resemblance 
to a species of JRumex, and affords 
a remarkable illustration of the 
analogy of form existing be- 
tween plants phylogenetically 
unconnected. On account of a 
supposed phylogenetic connec- 
tion between the lower plants, 
they have been collectively de- 
signated Thallophytes, while 
the body of the individual 
organisms, having neither true leaves nor stem, is referred to as a 
tsallus. In contrast to the thallus, the body of the higher plants, 
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with its segmentation into stem and leaves, is frequently termed a 
cormus, and the plants themselves Cormophytes. To the Cormo- 
phytes belong all plants from the Mosses upwards. 

Transition from the Thallus to the Cormus. — The lowest division 
of the Bryophytes, the Liverworts (Hejpaticae), although in many cases 



Fig 11 — Blttsia pitbillit \ Spoio^omnm , 
r, rhuouls (xH) 


possessing thalloid bodies without any segmentation into members, 
contain also forms with the same differentiation into stem and leaves 

as the higher plants. As between these 
two extremes there may be found transi- 
tional forms, this class of plants, accord- 
ingly, affords valuable assistance m the 
phylogenetic study of the development of 
higher plants. A few examples will best 
illustrate these stages of differentiation 
exhibited by the Hepaticm. The bifur- 
cately branching thallus of Riccut fluiians 
(Fig. 10) is fiat and ribbon-like, and in 
its general appearance resembles the 
thallus of the previously mentioned brown 
Alga, Dictyota chchotoma (Fig 8). A mojre 
advanced development is shown by Bias, it t, 
pusilla (Fig. 11), which has incisions in 
the sides of its ribbon-like body. The 
lobes thus formed by the lateral incisions, 
as is shown by comparison with other 
more highly differentiated Repaticae, and 
also by the study of their development, 
are properly to be regarded as rudimental leaves. Finally, in Plagio- 
chila asplenioides (Fig. 12), with alternating ovate leaves and elongated 
fibrous stems, the segmentation into stem and leaf is complete. 

The Cormus. — With the segmentation into stem and leaf, tjie 
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distinctive differentiation of the Cormophyte is completed. This, 
in all probability, has occurred twice in the phylogenetic development 
of the vegetable kingdom ; once in the Bryophytes, and a second time 
in the evolution of the Pteridophytes, presumably from ancestral 
forms resembling the Liverworts. All Bryophytes are attached to 
the surface on which they grow, by means of root-like hairs or 
keizoids (Fig. 11, r). It is in the next higher group of plants, 
which, as Vascular Cryptogams, are united m one class, that true 
roots, in a morphological sense, first make their appearance. They 
are for the most part cylindrical bodies with apical growing points. 
Disregarding the distinctions perceptible m its internal structure, a 
root may always be distinguished from a stem by the root-cap or 
CALYPTRA sheathing its apex, and also by the absence of leaves. 

The Metamorphosis of the Primitive Forms. — After the completion 
of its differentiation into stem and leaf, and the appearance of roots, 
there occur only such modifications of the primitive form of the plant 
body of a Cormophyte as are embraced under its metamorphosis 
(p. 9), occasionally including a more or less complete fusion of parts 
originally separate and distinct. 

The relationships between homologons members, which are often very striking, 
did not escape the notice of earlier observers. They suggested comparisons, 
although no leal phylogenetic basis for such comparisons existed. Thus, an ideal 
conception of the form of external members was developed, and finally reached 
its highest elaboration m Goethe’s Theory of Metamorphosis , and its abstract 
scientific conclusion m the writings of Alexander Beaux As the great vanety 
exhibited m the external appearance of the lower plants precluded any possibility 
of assigning to them hypothetical primitive forms, the whole terminology of the 
exter nal morphology of plants has been derived from conceptions applicable only 
to the Cormophytes Even to-day, the same terms used in reteience to the 
Cormophytes are applied to parts of the Thallophytes, which are evidently only 
analogous. In this sense it is customary to distinguish between stem and leaf 
in such Algae as Hydrolapathum (Fig 9) Such a use of terms is only permissible 
wheie leferenee is made to the manner of segmentation, with the intention of 
emphasising the analogy with the somewhat similar members of the Coimophytes. 
The question whether, m the different groups of the Cormophytes, all the memheis 
designated by the same names are really homologous, cannot properly he discussed 
here It would seem almost impossible to derive from the Bryophytes all the' 
forms of cormophytic segmentation shown by the Pteridophytes However this 
may be, from the Pteridophytes upwards, the segmentation of the members appears 
to have had a similai origin, and the similarity of terminology is based, therefore, 
upon an actual homology of the parts. 


Relations of Symmetry 

Every section through an organ or member of a plant, made in 
tl^e direction of its longitudinal axis, is distinguished as a longitudinal 
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section , those at z’lght angles to it being termed cross 01 timib\eise 
sections Such parts of plants as may be divided by each of three or 
more longitudinal planes into like halves are termed either Poiasim- 


Fig 13 — Diagram showing the so-called de- 
cussate airangement of leases 



I 

i 



Fig 14 — Diagram showing two-umked 
alternate arrangement of h*a\es 


B 


metrical, Radial, or Actinomorphic. The degree of symmetry 

peculiar to any leafy shoot will be more 
; s apparent from a diagram, that is if the 

leaves which it bears be projected on a 
plane at right angles to its axis. The 
radial symmetry of a shoot with opposite 
leaves is clearly shown in the adjoining 
diagram (Fig. 13) A shoot with its 
leaves arranged alternately in two rows 
shows quite different relations of sym- 
metry. The diagram of such a shoot 
(Fig 14) can only be divided into similar 
halves by two planes. When such a 
condition exists, a member or plant is said 
to be bisymmetrical. When, however, a 
division into two similar halves is only 
possible in one plane, the degree of sym- 
metry is indicated by the terms sym- 
metrical, MONOSYMMETRICAL, Or ZYCO- 
morphic. When the halves are equal, but 
■ have a different structure and are spoken 

‘ s of as ventral «and dorsal sides, the body 

Fig 15 — Dmgiam of a foliage-leaf. ls termed DORSIVENTRAL Ordinary foll- 
A, Surface view , B, transverse i i i , , ■. . 

section , a, plane of symmetry. age-leaves exhibit this dorsi ventral struc- 
ture, and their upper and lower surfaces 
are not only different in appearance but they also react differently 
to external influences. In the accompanying figure (Fig. 15) such, a 
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monosymmetrical, dorsiventral foliage leaf is diagrammatically repre- 
sented. From the surface view ( A ) and from the cross-section (B), 
in which the distinction between the dorsal and ventral sides is in- 
dicated by shading, it is obvious that but one plane of symmetry 
(s) can be drawn. As the zoologists often term this degree of 
symmetry bilateral, the same term is frequently employed with 
reference to plants 


Branch Systems 


Thallophytes as well as Cormophytes exhibit systems of branching, 
resulting either from the formation of new growing points by the 
bifurcation of a previously existing growing point, or from the develop- 
ment of new growing points m addition to those already present. In 
this way there are produced two systems of branching, the dichoto- 
mous and the MONOPODIAL By the uniform development of a continu- 
ously bifurcating stem, a typical dichotomous system of branching is 
produced, such as is shown in Didyotci dichoiuma. (Fig. 8) In a 
typically developed example of the mouopodial system there may 
always be distinguished a mam axis, the monopodium, which gives 
rise to lateral branches from which, in turn, other lateral branches 


are developed. A good example of this form of branching is 
afforded by a Fir-tree Where one of the two branches is regularly 
developed at the expense of the other, the dichotomous system 
assumes an appearance quite different from its typical form The 
more vigorous branches may then, apparently, form a main axis, 
from which the weaker branches seem to spring, just as if they 
were lateral branches. This mode of branching is illustrated by 
the Selagtnellcie (Fig. 351). Such an apparent mam axis is termed, in 


accordance with its origin, a Sym- 
PODIUM On the other hand, m the 
monopodial system two or even 
several lateral branches may develop 
more strongly than the main axis, and 
s« simulate true dichotomy or foly- 
TOMY. Such monopodial forms of 
branching are referred to as FALSE 
DICHOTOMY or FALSE POLYTOMY, as 
the case may be A good example 
of false dichotomy may be seen m the 
Mistletoe (V'iscum album , Fig. 16) 



Fig 16 — Slioot of Viscum album, showing 
false dichotomy, (i nat size ) 


If, however, a lateral branch so ex- 

ceeds the mam axis in development that it seems ultimately to become 
a prolongation of the axis itself, a sympodium is again formed. This 
is exactly what occurs m the Lime and Beech ; m both of these 
trees th« terminal buds of each year’s growth die, and the prolonga- 


c 
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tion of the stem, in the following spring, is continued by a strong 
lateral hud, so that in a short time its sympodial origin is no longer 
recognisable. In most rhizomes, on the other hand, the sympodial 
nature of the axis can be easily distinguished ; as, for example, in the 
rhizome of Polygomtum multiflomm (Fig 21), m which, every year, the 
terminal bud gives rise to an aerial shoot, while an axillary bud pro- 
vides for the continuance of the axis of the rhizome. In the flower- 
producing shoots or inflorescences of Phanerogams the different 
systems of branching assume very numerous forms. These will be 
more fully described in their proper place. To such inflorescences 
belong the ventrally coiled dorsiventral shoots, which produce new 
shoots from their convex dorsal surfaces, instead of in their leaf-axils 


The Shoot 


The Development of the Shoot. — Under the term shoot a stem and 
its leaves are collectively included A stem possesses an apical mode 
of growth (Fig. 17), and its unprotected growing point is described 

as naked, m contrast to that of 
the root with its sheathing root- 
cap. The apex of the shoot gener- 
ally terminates in a conical pro- 
tuberance, designated the vege- 
tative cone. As it is always 
too small to be visible to the 
unaided eye, it is best seen m 
magnified median longitudinal 
sections. So long as the apex of 
the shoot is still internally un- 
differentiated, it continues in em- 
bryonic condition, and it is from 
the still embryonal vegetative 
cone that the leaves take then* 
origin. They first appear ra 
acropetal succession as small, 
Fl °,fr Ape v of . a ® lloot ° f a phanerogamic conical protuberances, and attain 
a, uuiiment of an axillary tm<i ( x io) a larger size the further removed 

they are from the apex of the 
stem. As the leaves usually grow more rapidly than the stem which 
produces them, they envelop the more rudimentary leaves, and over- 
arching the vegetative cone, form, in this manner, a BUD. Buds 
are therefore merely undeveloped shoots. If they are to remain 
for a long time undeveloped, as for example is the case with winter 
buds, they are protected in a special manner during their period of 
rest. 
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The Origin of New Shoots. — The formation of new growing points 
by the bifurcation of older points of growth, m a manner similar to that 
already described for Didyota dichotoma 
(Fig. 8), occurs also, in almost typical form, 

m the lower thalloid Hepcdtcae (. Riccia vv\ 

fluitans, Fig. 10). Among the Cormophytes 

this method of producing new shoots is of .'l 1 ' ft j| ;M 

less frequent occurrence, and is then 1 P 

mainly limited to the Ptendophytes, for [111 ^ w ’ l/f 1 ' n Wlli 
one division of which, the Lycopodiaceae, it lSS»l|i^ 
is characteristic In this case, whenever a 
shoot is in process of bifurcation, two new «M 
vegetative cones are formed by the division 

of the growing point (Fig. 18) In most ^ w 

of the Lycopodiaceae the new shoots thus J f 

formed develop unequally ; the weaker Fig 1S _ Longltudmal bectlon of a 
becomes pushed to one side and ultimately bifurcating shoot q.) of Lyco- 

appears as a lateral branch (Fig. 19) P odaihl showing un- 

.Vi i i i • n . equal development of the rucli- 

Although a relationship as regards posi- mentary shoots, p, , i, leaf 

tion is generally apparent between the uidnnents, c, coitev, /, \ascuiar 

origin of leaves and the lateral shoots, in (After HegelmoeR: 

the system of branching resulting from such 

a bifurcation of the vegetative cone this connection does not exist. 
In the more highly developed Bryophytes, particularly in the true 

Mosses, new shoots arise obliquely below the 
b ^f||{|, still rudimentary leaves at some distance from 
Jrl WBB ^w g rowm g pointy/"" In the Phanerogams new 

mmmm-6 s ^ 00 ^ s generally arise in the axils of the leaves 
b In the accompanying illustration of a longi- 

I tudinal section of a phanerogamic shoot (Fig 

P 17) the rudiment of a shoot (g) is just appear- 

Fia 19 —Bifurcating shoot mg m the axil of the third uppermost leaf ; in 
Oi) ol Lycopodium th } f th t ld j y the comca l 

showing unequal 

development of the xudi* protuberances of the embryonic leaves are 
mental y shoots, p, p" , already beginning to appear on the still rudi- 
^™“or er nientar y shoot These rudimentary shoots may 

either continue to develop, or they may remain 
for a time in an embryonic condition, as buds Shoots thus pro- 
duced m the axils of leaves are termed axillary shoots. The leaf 


if Y'SW^mw 

Rif 

mmf 


Fig IS — Longitudinal section of a 
bifurcating shoot (p) of Lyco- 
podium alpinum, showing un- 
equal development of the nidi* 
mentaxy shoots, p>" , t, leaf 
ludnnents, c, cortex, /, vascular 
strands (After Hegelmaier, 
X 60 ) 


b , leaf rudiments (After 
Hegelmaier, x 40 ) 


m the axil of which a shoot develops is called its subtending LEAF. 
An axillary shoot is usually situated in a line with the middle of its 
subtending leaf, although it sometimes becomes pushed to one side. 
As a rule, only one shoot develops in the axil of a leaf, yet there are 
instances where it is followed by additional or accessory shoots, which 
either stand over one another (serial buds), as in Lonicera, Gleditschia, 
GyTrmocladus , or side by side (collateral buds), as in many IMiaceae 
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Although m the vegetative regions, i e. the regions in winch merely 
vegetative organs are produced, the rudiments of the new shoots of 
phanerogamic plants make their appearance much later than those of 
the leaves, m the generative or flower-producing regions the forma- 
tion of the shoots follows directly upon that of tlieir subtending leaves, 
or it may even precede them. In this last case the subtending leav es 
are usually either poorly developed or completely suppressed, as in the 
inflorescence of the Ciuafeiae, in which a series of phj logenetic changes 
has probably led to this result 

Shoots developing in definite succession from the growing points of 
other shoots aie designated NORMAL, in contrast to Aiv VKN T 1 T u >r 
SHOOTS, which are produced irregularly from the older poitions of a 
plant. Such adventitious shoots show no definite arrangement, and 
frequently spring from old stems, also from the roots of herbaceous 
plants (Piassica olerctcea, Anemone t>i/h'edut>, Convolndus tucmsts. llunuj 
Acelosella), or of bushes ( Hubris , Jiosu, Coryhts), or of tiees (/‘n/utl it*, 
Ulmus, Piobima), or they may develop even from leaves, particulaily 
from the fronds of Ferns An injury to a plant will frequently induce 
the formation of adventitious shoots, and for this leason gardeners 
often make use of pieces of stems, rhizomes, or even lea\es as 
cuttings from which to produce new plants A leaf of a 1’egonia 
merely placed upon damp soil will soon give rise ad\ entitioush to 
new plants. 

Leaves and also normal shoots, which make their appearance as 
outgrowths from the portions of the parent shoot still m embnonic 
condition, have an external or exogenous origin Adventitious shoots, 
on the other hand, which arise from the older paits of stems or roots, 
are almost always EN DOGE NOUS. They must penetrate the outei 
portions of their parent shoot before becoming visible Adventi- 
tious shoots formed on leaves, however, anse, like normal shoots, 
exogenously. 

The further Development of the Shoot — All normal shoots 
ar e dependent for their origination upon the embryonic substance 
of the growing point of the parent shoot , even when they make 
their appearance' at "some' distance from the growing apex (Fig. IT), 
embryonic substance has been reserved at that point for their foi illa- 
tion. The growing points of adventitious shoots are also, for the most 
part, produced from tissue which has retained its embiyonic condi- 
tion in the older portions of the plant In some cases, hovvev er, they 
arise from newly-developed growing points, and afford evidence of 
the power inherent in plants to return to_an embryonic state and,. 
produce ne w growing points. The processes of development which 
result in the prcdLcL-ree— 0 f"'new segments at the apex of a shoot are 
followed by an increase in size and by the further growth of the 
segments. This growth is usually introduced by the vigorous elonga- 
tion of the segments, by means of which their rapid unfolding from 
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the bud is brought about. The region of strongest growth in a 
shoot is always at some distance from its growing point. 

The growth in length and consequent elongation of the shoot is in 
some cases so slight that the leaves remain close together, and leave 
no free spaces on the stem, thus forming so called DWARF shoots As 
examples of such dwarf shoots may be mentioned the thickly-clustered 
needles or fascicled leaves of the Larch, the rosettes formed by the f 
fleshy leaves of the House-leek ( Sempervhum ), and also the flowers of 
Phanerogams with their thickly-crowded floral leaves. In the ordinary ! 
or ELONGATED SHOOTS, such as are formed in the spring by most 
deciduous trees, the portions of the stem between the insertions of the 
leaves become elongated by the stretching of the shoot. The stem 
of a shoot, as contrasted with the leaves, is often spoken of as the 
axis ; while the portions of the stem axis between the insertions of the 
leaves are termed the internodes, and the parts of the axis from which 
the leaves arise the nodes. When the base of the leaves encircles the 
stem, or when several leaves take their origin at the same node, the 
nodes become strongly marked ( Lcibiatae ) 

In some cases the growth in length of a shoot continues for i 
longer time at certain intermediate points by means of intercalary 
growth. Such points of intercalary growth are generally situated ai 
the base of the internodes, as in the case of the Grasses A displace 
ment from the position originally occupied by the members of a shool 
frequently results from intercalary growth. A bud may thus, foi 
example, become pushed out of the axil of its subtending leaf, anc 
so apparently have its origin much higher on 
the stem , or a subtending leaf, m the course of 
its growth, may carry its axillary bud along 
with it, so that the shoot which afterwards 
develops seems to spring directly from its sub- 
tending leaf • or, finally, the subtending leaf 
may become attached to its axillary shoot, and 
growing out with it, may thus appear to spring 
from it (Fig. 20) 

Resting Buds. — As a means of protection, 
buds may become invested, m winter, with 
scale - like leaves or bud - scales, which are 
rendered still more effective as protective struc- 
tures by hairy outgrowths and excretions of 

resin and gum, and also by the occurrence of 

— — — — - -«■ v x , . . , , , , , , Fig 20 —.samoius vcaemncli, 

air-spaces. Not infrequently the subtending each a2klllary S h O0 t (n) 
leaf takes part m the protection of its axillary bearing its subtending 
bud, and the base of the leaf-stalk, after the ^ 

leaf itself has fallen, remains on the shoot and 

forms a cap-like covering for the winter bud. The buds of tropical 
plants, which have to withstand a dry period, are similarly protected , 
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but where the rainfall is evenly distributed throughout the j-ear 
buds develop no such means of protection. 

Many of the deciduous tiees m Temperate legions are inclined to unfold their 
■vvintei buds in the same vegetative period m w Inch they are produced Tins 
tendency is paiticulaily mailced in tlie Oak, and results m the dmelojunent of a 

MIDSUMMER GROWTH. 

Al l tlie buds of a plant do not develop , tlieie are numerous deeuluous trees — 
such as the Willow, m which the terminal buds of the jeai's growth regularly die. 
Sometimes buds, usually the first-formed buds of each year’s shoot, seem a hie to 
remain dormant during many yeais without losing their \ itality , these are termed 
dormant buds , Iji...tlie _case of the Oak or Beech such latent buds can endim 
fOT*trCmSi~e ds oTyeais , in the meantime, by the elongation of their eonneetion with 
the stem, they continue on its suifaco Often it is these, rather than adientitious 
buds, which give rise to the new growths formed on older paits of steins. It may 
sometimes happen that the latent buds lose then connection with the woody pails 
of then paient stem, but nei ertlieless glow in thickness, and develop their own 
wood, they then form lemaikable sphencal growths within the hark, which may 
attain the size of a hen’s egg and can be easily sepaiated from flu* surrounding 
bark. Such globular shoots are frequently found in Beech and Ohio tiees 


The Metamorphosis of the Shoot. — The_BT.LBiLs and 
which become separated from their parent plant and serve as a means 
of reproduction, are special forms of modified buds They are always 
well supplied with nutritive substances, and are of a corresponding 
size. Many plants owe their specific name to the fact that tlnn produce 
such bulbils, as, for example, Lilvum hulbifenim and Ikuhmit hulhtjt w 
Shoots that live underground undergo characteristic modifications, 
md are then termed root-stocks or rhizomes. By means of such sub- 
terranean shoots many perennial plants are enabled to persist through 
the winter. A rhizome develops only modified leaves in tlie form 'of 
larger or smaller, sometimes scarcely visible, scales. By the presence 



of such scale leaves and by 
its naked vegetative cone, 
as well as by its internal 
structure, a rhizome may 
be distinguished from a 
root Rhizomes usually 
produce numerous roots , 
but when this is not the 
case, the rhizome itself 
functions as a root. Klii- 


Fig 21 — Bhizome of Polygonatum multiflorum a, Burl of OffcCH clttftin & COl)- 

next yeai’s aeual growth; 6, scar of this year’s, and siderable thickness and 

storeu P nutritave material 
for the formation of aerial 
shoots In the accompanying illustration (Fig. 21) is shown 
the root-stock of the so-called Solomon’s Seal ( Pokgonatim imtlfi - 
florum). At cl and c are seen the scars of the aerial shoots of tlie 
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two preceding years ; and at b may be seen the base of the stem 
growing at the time the rhizome was taken from the ground, while at 
a is shown the bud of the next year’s aerial growth The rhizome of 
Cm'allio? ? hiM mncita, a saprophytic Orchid, affords a good example of a 
root-stock functioning as a root (Fig. 22). Bulbs, also, belong to the 
class of metamorphosed shoots. They represent a shortened shoot 
with a flattened, discoid stem (Fig. 23, zk), the fleshy thickened scale 



Pig 22 — Rhizome of Coi allion laza mncita 
a, Floial shoot, b, luduuents of new 
lhizome blanches (Aftei Schacht, 
nat size ) 



Fig 23 — Longitudinal section of tulip 
bulb, TuUptf Gesnenana zh, Modified 
stem , scale leases , i% terminal 
bud , mdiment of a young bulb , u\ 

roots (Nat size ) 


leaves (zs) of which are filled with reserve food material The aerial 
growth of a bulb develops from its axis, while new bulbs are formed 
from buds ( 1c ) in the axils of the scale leaves. Another form of 
underground shoot, allied to bulbs and connected with them by 
transitional forms, is distinguished as a tuber The axis of a typical 
tuber, in contrast to that of a bulb, is fleshy and swollen, functioning 
as a reservoir of reserve material, while the leaves are thm and scaly. 
Of such tubers those of the Meadow Saffron ( Colchmm autummle) or 
of Crocus sahtus are good examples. In the Meadow Saffron new 
tubers arise from axillary buds near the base of the modified shoot, 
hut m the Crocus from buds near the apex. In consequence of this, in 
the one case the new tubers appear to grow out of the side, and in the 
other to spring from the top of the old tubers. The tubers of the Potato 
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(Fig. 24) or of the Jerusalem Artichoke (Hrf'uinthvs tube) osits) are also 
subterranean shoots with swollen axes and reduced leaves. They 
are formed from the ends of branched, underground, shoots or runners 
(stolons) and thus develop at a little distance from the parent plant. 
The so-called eyes on the outside of a potato, from which the next 
year’s growth arises, are m reality axillary buds, but the scales which 
represent their subtending leaves can only be distinguished on Aery 
youngtubers. The parent plant dies after the formation of the tubers, 
and the reserve food stored in the tubers nourishes the young plants 
which afterwards develop from the eyes. As, in their uncultivated 



Fig 24 Part oi a giowmg Potato plant. Solo, hvvi fitltviotitnu 
veloped fiom the daik-colouiecl tubei in the eentie (Kioni 
B villdn’s illustrations, } nat si/e*) 


The whole plant Ini'. Wn 
XatuH 1 , copied lioia one 


.lo- 

ot 


state, the tubers of the Potato plant remain in the ground and five 
rise to a large number of new plants, it is of great advantage to the 
new generation that the tubers are produced at the ends of runners 
and are thus separated from one another Similar advantages accrue 
from surface runners, such as are produced on Strawberry plants. 
Surface runners also bear scale-like leaves with axillary buds, while 
roots are developed from the nodes. The new plantlets, which arise 
from the axillary buds, ultimately form independent plants by the 
death of the intervening portions of the runners. 

Still more marked is the modification experienced by shoots which 
only deveiop reduced leaves, but the axes of which become flat and 

f^Tvt SSUme the functl0ns of leaves. Such leaf-like shoots are 
called clad odes or phylloclades Instructive examples of 
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tions are furnished by Ihiscus aculeatus (Fig 25), a small shrub whose 
stems bear m the axils of their scale-like leaves (/) broad, sharp-pointed 
cladodes (cl), which have altogether the appearance of leaves. The 
flowers arise from the upper surface of these cladodes, in the axils of 
scale leaves In like manner the stems of the Opuntias (Fig 26) are 
considerably flattened, while the leaves are reduced to small thorny 
protuberances. In this case the juicy flat shoots perform not only the 
functions of assimilatory organs, but also serve as w ater-reservoirs m 
_tqme.pfjJrought,- It is possible that all the leaves of a plant may 
become more or less completely reduced, without any marked change 



Fig 25 — Tvv in ot liusctts acid eat us f 7 Leaf , 
1 1, clacl ode , bl, fluwei (Xat mie ) 



Fig 2<j — Opuntta hintuaaatha Haw , showing flower 
and fi uit (Alter Schumann, \ nat size ) 


occurring in the appearance of the stems, except that they then take 
oh a green colour ; this, for example, is the case m the Scotch Broom 
(Spartmm scopanum), which develops only a few quickly-falling leaves 
at the end of its long, naked twigs , or, as m many species of rushes 
(Juncus, Scirpus), whose erect, slender, wand -like stems are entirely 
leafless and at the same time unbranched. As a rule, however, all 
leafless green Phanerogams will be found to have swollen stems, as m 
the variously shaped Enpliorbme and Cadi 

A great reduction liTIbhe leaves,'" and also m the stems, often 
occurs m phanerogamic parasites, in consequence of their parasitic 
mode of life. The leaves of the Dodder (Cuscuta, Fig. 185, b) are 
only represented by very small, yellowish scales, and the stem is 
similarly yellow instead of green. The green colour would, in fact, 
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be superfluousj as the Dodder does not produce its own nourishment, but 
derives it from its host plant. Cascuta Tnfohi, one of the most fre- 



quent of these parasites, is often the cause of 
the large yellow areas frequently observable 
m the midst of clover fields. In certain tropi- 
cal parasites belonging to the families IhtJ/lesi- 
aceae and Balanojohot aceae, the process of re- 
duction has advanced so far that the flowers 
alone are left to represent the whole plant. 
Pcifflesi a Ainoldi , a plant growing in Sumatra, 
is” a remarkable example of this; its flowers, 
although they are a metre wide, the largest 
flowers in existence, spring directly from the 
roots of another plant (species of ( U^us). 

A peculiar form of metamorphosis is ex- 
hibited by some climbing plants through the 
transformation of certain of their shoots 
into TENDRILS. Such tendrils assist the 
parent plant in climbing, either by twining 
about a support or otherwise holding fast to 
it. The twining bifurcated tendrils of the 
Grape-vine, for example, are modified shoots, 
and so are also the moie profusely branched, 
hold -fast tendrils of A mjielojwx Veit chi) 


Fig. 2*7 — Ampelopsa* Veitchu 


(Fig 27) 


B, Stem-tendiils (f nat 
size ) 


Shoots may undergo a still greater re- 
duction by their modification into thorns, 


as a defence against the depredations of animals. Of shoots modi- 


fied m this manner, the Black Thorn (Primus 
spmoba ), the White Thorn ( Crataegus ), and the 
Honey Locust ( Gleditsckia ) afford instructive 
examples. The thorns are simple or branched, 
hard, pointed bodies. In Gleditschia (Fig. 28) 
the thorns are developed primarily from the 
uppermost of several serial buds ; while 
secondary thorns may develop on older por- 
tions of the stem from the lower buds of 
the series, and thus give rise to clusters of 
thorns 

The most marked change in the form of 
the shoot, in addition to the displacement and 
union of its different members, takes place m 
phanerogamic flowers The shoots from which 
flowers are developed are termed floral 



Fig 28 — Stem-thorn ot‘ Ule<ht- 
sehui t ) (tf am thou ($■ nat 


shootSj in contrast to the foliage shoots, mze ) 

the functions of which are merely vegetative. The axis of the floral 
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shoot -remains short and becomes flattened or even depressed at the 
tip The vegetative cone of the rudimentary flower-bud also undergoes 
corresponding modifications. The floral leaves, which spring from 
the floral axis, often grow together, and m many cases become so united 
with the axis, that it is only possible to discover the different steps 
of this process by means of thorough phylogenetic and comparative 
morphological investigation. In most instances the rule seems to hold 
that axillary buds are not formed within a flower except m cases of 
abnormal development. 

Shoots and their Order of Sequence. — If the vegetative cone of 
the primary axis of a plant, after reaching maturity, is capable of 
reproduction, a plant with but one axis will result, and the plant is 
designated UNIAXIAL or haplocaulescent. Usually, however, it is not 
until a plant has acquired axes of the second or third order, when it is 
said to be diplocaulescent or triplocaulescent, or of the ?ith order, 
that the capacity for reproduction is attained. A good illustration of 
a plant with a single axis is afforded by the Poppy, m which the first 
shoot produced from the embryo terminates in a flower, that is, in 
that organ of Phanerogams which gives rise to the embryonic germs. 
As an example of a plant with a triple axis may be cited the common 
Plantain, Plantago majoi, whose primary axis produces only foliage and 
scale leaves , while the secondary axes give rise solely to bracteal 
leaves, from the axils of which finally spring the axes of the third order, 
which terminate in the flowers. In the case of trees, only shoots of 
the ?ith order can produce flowers. 

The Habit op General Aspeet of Plants is dependent upon their 
origin, mode of growth, and duration, and upon the peculiar develop- 
ment of their branch systems. Cormophytes which develop herbace- 
ous aerial shoots, and persist only so long as is requisite for the 
development and ripening of their fruit, be it one or several vegetative 
periods, are called herbs Herbaceous plants, however, which, 
although annually dying down to the ground, renew their existence 
each year by means of new shoots produced from underground shoots, 
rhizomes, or roots, are further distinguished as PERENNLiLS or perennial 
heibs Shrubs or trees, on the other hand, have woody, persistent 
shoots, which bear fruit repeatedly. Shrubs retain their lateral shoots, 
so that their branches are formed near the ground; trees, on the 
contrary, soon lose their lower lateral branches, and have a mam stem 
or trunk, which bears a crown of branches and twigs. 

In catalogues and descriptions of plants the dmation of the period of grow tl 
is usually expressed by special symbols • thus ® indicates an annual , O a biennial 
and % a perennial herb , \ is employed to designate both tiees and shrubs, anc 
for trees the sign 5 ! is also m use 
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The Stem op Axis of the Shoot 

According as the axis of a shoot remains herbaceous or becomes 
hard and lignified, a distinction is drawn between an herbaceous 
and a woody stem A long leafless shoot arising from a rosette of 
radical leaves and producing only flowers is called a scvrK The 
hollow jointed stems of the Gnunwene are termed or ass-h a ulms, 
and should be distinguished from the similar stems or haulms of the 
Juncaceae and Cyperaceae , which are unjointed and rilled ruth light 
porous pith Plants with short swollen stems, being apparently .stem- 
less, are described as acatjlescent. The actual stem of such aeaul- 
escent plants may be thickly clothed with leaves throughout its entire 
length, as m the case of the Agave , or it may bear leaves only at its 
apex, as in the Cyclamen. Stems are also distinguished as round, 
elliptical, angular, etc , according to their appearance in cross-section 


The Leaf 


Development of the Leaf. — The first appeal ance of the leaf as a 
lateral protuberance (Fig 17, /) on the vegetative cone of the shoot 
has already been referred to (p. 18). In a transverse section 
through the apex of a shoot (Fig. 29), the origin of leaves as lateral 

protuberances is more evident than in a longi- 
tudinal section The embryonic leaf rudiment 
generally occupies but a small portion of the 
periphery of the vegetative cone, it maj, how- 
ever, completely invest it. In like manner, 
when the mature leaves are arranged m "whorls, 
the developing protuberances of the rudimentary 
leaves may, although this is not usually the case, 
form at first a continuous wall-like ring mound 
the growing point; and only give rise later to 
the separate leaf rudiments. Leaves take their 
origin only from such parts of a plant as have 

no so — Apical v,ew of the re f ai “ ed in an em *>ryonic condition To this 
\ egetative cone of a shoot rule tnere are no exceptions A leaf never 
of Evonymus japomeus arises directly from the older parts of a plant. 
<x 12 * In cases where it apparently does so its develop- 

ment has been preceded by the formation of a growing point of a now 
shoot. When it first appears on the vegetative cone a rudimentary 
leaf resembles an embryonic shoot, but a difference soon manifests 
itself, and the shoot rudiment develops a vegetative cone and lateral 
protuberances for the formation of leaves. The growing point of 
a shoot has usually an unlimited growth, while the growth of a 
leaf is limited A leaf usually continues to grow at Jts apex for a 
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short time only, and then completes its segmentation and develop- 
ment by intercalary growth. It is true that some leaves, as those of 
Ferns, not only continue growing for a long time, but also retain 
a continuous apical growth and complete their whole segmentation in 
acropetal succession. On the other hand, the leaf -like cladodes, 
although they are in reality metamorphosed shoots, exhibit a limited 
apical growth like that of ordinary leaves. 

Leaving out of consideration the Ferns and a few related plants, the 
following observations m regard to the development of the leaf hold 
good for the majority of Cormophytes The unsegmented protuber- 
ance of the still rudimentary leaf, termed by Eichler the primordial 
leap (Fig 30, A, b), first 
projects from the vegetative 
cone of the shoot (A, v) 

This is usually followed by 
a separation of the primor- 
dial leaf into the leap- 
base (g m A and B) and 
the rudimentary lamina or 
upper leap (o m A and B) 

The leaf-base, or the part of 

the rudimentary leaf which so.— Ape \ of an Elm shoot, uhnut, uunpebti > 

, . , * -i Showing the Aegetative cone i, with the uul; 

immediately adjoins the 
vegetative cone, either 
no further part in the suc- 



JB 


' is A, 
i luliments 

of a young leaf, b, still uusegmented, and of the next 
vegetative cone, either takes older leaf, exhibiting segmentation into the laimnai 

ludiment, n, and leaf-base, g, showing the oldei 
leaf, \ lew ed fiom the side. (xuS) 

ceeding differentiation ot the 


leaf, or it develops into a leaf-sheath (vagina) or into stipules 
The upper leaf, on the other hand, gives rise to the leaf-blade or 
LAMINA. If the fully-developed leaf possesses a leaf-stalk (petiole), 
it becomes afterwards interposed by intercalary growth between the 
.upper leaf and the leaf-base. 

The metamorphosis of the leaf is exhibited m its greatest diversity 
by the leaves of Phanerogams, m which the various homologous leaf 
structures have been distinguished as scale leaves, foliage leaves, 
SfcACTEAL LEAVES, and FLORAL LEAVES 

Foliage Leaves, generally referred to simply as leaves, are the 
leaf structures on which devolves the task of providing nourishment 
for their parent plants As the exercise of this function is dependent 
upon the presence of a green pigment, foliage leaves have, accordingly, 
a green colour. Iu certain cases, where their form is extremely simple, 
as m the needles of Conifers, the primordial leaf simply increases in 
length without any further differentiation into parts In other un- 
divided leaves, however, whether lanceolate, elliptical, ovate, or other- 
wise shaped, the fiat leaf lamina is distinct from the leaf-base, while a 
leaf-stalk may also be interpolated between them If no leaf-stalk is de- 
veloped the leaf is said to be sessile, otherwise it is described as stalked. 
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The sessile leaves usually clasp the stem by a broad base.. Where, as in 
the case of the Poppy (Palaver bomnifet urn) and of the different species 
of JBupleurum, the leaf-base surrounds or clasps the stem, the leaves are 
described as perfoliate. If the bases of two opposite leaves have 
grown together, as m the Honeysuckle (Lnnieera C'tpiiJ»1uun) , they are 
said to be connate. Where the blade of the leaf continues downwards 
along the stem, as in the winged stems of the common Mullein (H i- 
bciscum tha_psifoi me), the leaves are distinguished as deuuruknt. The 
petiole of a leaf merges either directly into the leaf-base, or it swells at 
its lower end into a leaf-cushion or fulvinus, and is thus articulated 
with the leaf-base. This is the case, for* instance, with many of the 
Legummosae (Fig. 213). The leaf-blade, in turn, may be either sharply 
marked off from the petiole, or it may be prolonged so that the petiole 
appears winged, or again it may expand at its junction with the petiole 
into ear-like lobes. A leaf is said to be ENTIRE if the margin of the leaf- 
blade is wholly free from indentations , otherwise, if only slightly 
indented, it is usually described as serrate, dentate, crknatk, un- 
dulate, sinuate, or incised, as the case may be. When the inci- 
sions are deeper, but do not extend more than half-way to the 
middle of the leaf-blade, a leaf is distinguished as lobfd or cleft 
according to the character of the incisions, whether more or less 
rounded or sharp; if the incisions are still deeper the leaf is said 
to be partite, and if they penetrate to the midrib or base of the 
leaf-blade it is termed divided. The divisions of the leaf-blade 
are said to be pinnate or palmate, according as the incisions run 
towards the midrib or towards the base of the leaf-blade. Where the 
divisions of the leaf-blade are distinct and have a separate insertion on 
the common leaf-stalk or on the midrib, then termed the spindle or 
rhachis, a leaf is spoken of as COMPOUND, m all other cases it is said to 
be simple. The single, separate divisions of a compound leaf are called 
leaflets These leaflets, m turn, may he entire, or may be divided and 
undergo the same segmentation as single leaves. In this way double 
and triple compound leaves may be formed. The leaflets are either 
sessile or stalked ; and sometimes also, as m llubinia and Minum, their 
stalklets articulate with the spindle by means of swollen pulvini. The 
term pedate is applied to leaves on which segments are further 
divided on one side only, and the new segments are similarly 
divided. Variations m the outline of leaves, whether they are 
entire, serrate, dentate, crenate, incised, etc , as well as peculiarities 
in their shape and segmentation, are of use in the determination 
of plants. The venation or nervature of leaves is also taken 
into consideration, and leaves are in this respect described according 
to the direction of their so-called veins or nerves, as parallel 
veined or netted veined. In parallel venation the veins or nerves 
run either approximately parallel with each other or in cur\ es, con- 
verging at the base and apex of the leaf (Fig. 31, s); in netted veined 
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leaves (Fig. 178) the veins branch off from one another, and gradually 
decrease m size until they form a fine anastomosing network In leaves 
with parallel venation the parallel main 
nerves are usually united by weaker cross 
veins Netted or reticulately veined leaves 
m which the side veins run from the median 
main nerve or midrib are further distin- 
guished as PINNATELY VEINED, or as PAL- 
mately veined when several equally strong 
ribs separate at the base of the leaf-blade, 
and give rise m turn to a network of weaker 
veins. Parallel venation is characteristic, in 
general, of the Monocotyledons ; reticulate 
venation, of Dicotyledons. Monocotyledons 
have usually simple leaves, while the leaves 
of Dicotyledons are often compound, and are 
also more frequently provided with stalks 
Many plants are characterised by the de- 
velopment of different forms of foliage leaves. 

Such a condition is known as heterophylly 
Thus the earlier leaves of Eucalyptus globulus 
are sessile and oval, while those subsequently 
formed are stalked and sickle-shaped. In 
other cases the heterophyllous character of 
the leaves may represent an adaptation to the 
surrounding environment, as in the Water 
Crowfoot ( Ranunculus aquatilis), m which the 
floating leaves are lobed, while those entirely 
submerged are finely divided. 

The nerves 01 veins give to a leaf its necessary 
mechanical rigidity and lender possible its flattened 
form The branches of the veins parallel to the margin 
of most leaves pievent their tearing when theie are no such marginal neives m 
large tlun leaves, the lamina is easily tom into strips by the wind and ram This 
li£t]uently happens to the leaves of the Banana (Musa), which, consequently, when 
gi owing under natural conditions m the open an, presents quite a different appear- 
ance than when grown under glass. The leaves of the Banana, after becoming 
thus divided, offer less resistance to the wind. In a similar mannei the leaves of 
Palms, although undivided m then bud state, become torn even during the process 
of their unfolding A similai protection from injury is afforded to the Aioid (Mon- 
ster a) by the holes with which its large leaf-blades become perforated. Equally 
advantageous lesults are secuied by many plants whose leaves are, from their very 
inception, divided 01 dissected The submerged leaves of aquatic plants, on the 
other hand, are generally finely divided or dissected, not only for mechanical 
puiposes, but also to afford a more complete exposure of the leaf surface to the 
water. Accordingly, in such water-plants as Ranunculus aquaUhs (Fig 197), 
which possess both floating and submerged leaves, it is generally the latter only 



Fig 31 — Pait of stem and leaf o 
a grass 7i, Haulm , i, leaf- 
sheath , k, swelling of the leaf- 
shpath aboi e the node , s, pai t 
of leaf -blade , l, ligule (Nat 
iize ) 
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that are dissected and filiform 111 character. The pointed i:\ticmily of the lohage 
leaves of many land plants, according to Stahl, facilitates the renun al of watei 
from the leaf surface. Fleshy so-called succulent lo.no>,, like lleshj stems, smve 
as reservoirs for storing watei. 

In Monocotyledons the leaf-base very often forms a mieatu about 
uhe stem ; in Dicotyledons this happens much less frequently. In the 
case of the Ghammeae , the sheath is open on the side of the stem 
opposite the leaf-blade (Fig 31, r), while in the Cijpavreav it is com- 
pletely grown together. The sheath of the grasses is prolonged at the 
base of the lamina into a scaly outgrowth, the ligule Such a sheath, 
while protecting the lower part of the internodes which remain soft 
and in a state of growth, gives them at the same time rigidity. 

Stipules — These are lateral appendages sometimes found at the 
base of leaves. When present they may be either small and incon- 
spicuous, or may attain a considerable size. When their function is 
merely to protect the young growth in the bud, they are usually of a 
brown or yellow colour, and are not persistent ; whereas, if destined to 
become assimilatory organs, and to assist m providing nouiishment, 
they are gieen, and may assume the structure and form of the leaf-blade, 
which sometimes becomes modified and adapted to other purpose* 
(Figs. 35, 36). Normally, the stipules are two m number, that is, one 
on each side of the petiole. In many species of ( ful/inn , u here the 
stipules resemble leaf -blades, the leaf- whorls appear to be composed of 
six members, but consist actually of but two leaves with then- four 
stipules, which may be easily distinguished by the absence of an} buds 
in their axils In other species of the same genus ((h ilium tmciafiuti 
and palusbe ) there are only four members in the whorls, as each two 
adjoining stipules become united. In many cases the stipules have the 
form of appendages to the enlarged leaf-base. Sometimes both 
stipules are united into a single one, which then appears to have an 
axillary origin , or the stipules may completely encircle the stem, and 
thus form a sheath about the younger undeveloped lea\es. Tins 
sheath-like fusion of the stipules may be easily observed on the India- 
rubber tree (j Ficus elasticity, now so commonly grown as a decorative 
plant. In this case the stipular sheath is burst by the unfolding -of 
each new leaf and pushed upwards on the stem. In the Folijtjinaurac 
the stipular covering is similarly torn apart by the developing leaves, 
but then remains on the stem in the form of a membranous sheath 
(ochrea). 

Seale Leaves possess a simpler structure than foliage leaves 
and are attached directly to the stem, without a leaf-stalk. Tliej 
exercise fro assimilatory functions, and are more especially of service 
as organs of protection. Scale leaves exercise their most important 
function as hud-scales ; they are then hard and thick, and usually 
of a brown colour They most frequently take their origin from 
the enlarged leaf -base , in that case the upper leaf either does not 
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develop, or exists only in a reduced condition at the apex of the 
scale. The true morphological value of scale leaves of this nature 
is very evident m the hud scales of the winter buds of the Horse- 
chestnut ( Aesculus Hippocastanum) ; for, while the outer scales show 
no perceptible indications of an upper leaf, small leaf-blades can be 
distinctly distinguished at the apices of the inner scales. In other 
cases the scale leaves are modified stipules, and are then also derived 
from the leaf-base ; while, m other instances, they themselves form 
the enlarged, but still undifferentiated, primordial leaves The bud 
scales of the Oak are the stipules of leaves in which the laminae are only 
represented by minute scales. Scale leaves, usually colourless and in 
various stages of reduction, are found on rhizomes (Fig. 21), bulbs 
(Fig. 23), and tubers (Fig. 24). On the aerial stems arising from such 
subterranean shoots the formation of similar scale leaves generally 
precedes the development of the foliage leaves, with which they are 
connected by a series of transitional forms. 

Braeteal Leaves resemble scale leaves in form, and have a similar 
development. They act as subtending leaves for the floral shoots, 
and are termed bracts. They are connected with foliage leaves by 
intermediate forms. Though they are not infrequently green they 
may be otherwise coloured, or even altogether colourless 

Floral Leaves — The modified leaves which form the flowers of 
Phanerogams are termed floral leaves In the highest development 
attained by a phanerogamic flower (Fig 32), the successive floral leaves 
are distinguished as sepals 
(k), petals ( c ), stamens (a), and 
carpels (g). In most cases the 
sepals are green and of a firm 
structure ; the petals, on the 
other hand, are more delicate 
and variously coloured. The 
stamens are generally filament- 
ous, and produce the pollen 
m special receptacles. The 
caspels more closely resemble 
scale leaves, and by closing to- 
gether form receptacles within 
which the ovules are pro- 
duced. The stamens and 
carpels of Phanerogams corre- 
spond to the spore -bearing 
leaves of the Vascular Crypto- 
gams Such spore-bearing leaves are termed SPOROPHYLLS, and even 
in the Vascular Cryptogams exhibit a greater or less departure from 
the form of other foliage leaves. It is evident that the scale and 
braeteal leaves are to be considered as rudimental foliage leaves, not 

D 



Fig 32 — Flower of Pcteonia peiegruia l 9 Sepals; c, 
petals , a, stamens , q z carpels. Pait of tlie sepals, 
petals, and stamens have been removed to show 
the pistil, consisting of two separate caipels. (Half 
nat size ) 
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only from the mode of their development but also from the possibility 
of transforming them into foliage leaves. Goebel, by removing the 
growing tip and foliage leaves of a shoot, succeeded m forcing it to 
develop other foliage leaves from its scale leaves, llhizomes, grown 
in the light, develop foliage leaves in place of the usual scale leaves, 
and even on a potato it is possible to induce the formation of small 
foliage leaves instead of the customary scale leaves. 

Leaf-Sears. — Af ter a leaf has fallen, its previous point of insertion 
on the stem is marked by tlie cicatrix or scar left by the fallen leaf. 
In winter, accordingly, when the trees are denuded of their leaves, the 
axillary buds are plainly perceptible above the leaf-scars 

The Metamorphosis of Foliage Leaves. — A form of slightly modi- 
fied foliage leai es is seen 
m peltate leaves, or those 
of which the petioles are 
attached to their lower 
surfaces somewhat within 
the margin, as in the leaves 
of the Indian Cress (T/o- 
puvlum 'jmtjtts, Fig 180). 
In the process of their de- 
velopment the young leaf- 
blades, in this case, grow 
not only m the same direc- 
tion as the petioles, us a 
prolongation of them, but 
also horizontally in front 
of them. The tabular leaves 
of many insectivorous plants 
may have commenced their 
development in much the 
same waj’. The leaies of 
Nejpenfhes mb us fa (Fig. 33), 
for example, m the course 
of adaptation to the ]«*er- 
formance of their special 
function, have acquired the 
form of a pitcher with a 
lid which is closed in 
young leaves, but eventu- 

Fia S3 -Nepenthes .Cbueta (- ml ) al ty °P ens - The P itcher > as 

Goebel has shown, arises 
as a modification of the leaf-blade. At the same time the leaf- 
base becomes expanded into a leaf -like body, while the petiole 
between the two parts sometimes fulfils the office of a tendril. By 
a similar metamorphosis of its leaflets, bladder- like cavities are 
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developed on the submerged leaves of Utncularia (Fig. 34). The 
entrance to each bladder is fitted with a small valve which permits the 
ingress bjit not the egress of small water-animals. While such leaves 
display a progressive metamorphosis, in other instances the modifica- 
tions are of the nature of a reduction. A metamorphosis of the whole 
leaf lamina, or a part of it, into tendrils (leaf-tendrils) is a compara- 
tively frequent occurrence, especially among the Papilionaceae. In the 
adjoining figure of a Pea leaf (Fig. 35), the upper pair of leaflets have 
become transformed into delicate tendrils which have the power of 



Fig 34 — Utt icularict vulgcu A , Pait of leaf witli several bladders ( x 2) If, Single pinnule of leal 

witlibladdei (x 6) 0 (after Goebel), Longitudinal section of a bladdei (x2S), v , valve, o 9 

wall of bladder , J, cavity of bladder 

twining about a support In the case of the yellow Vetchling, Lathy) Ub 
Aphaca (Fig. 36), the whole leaf is reduced to a tendril and the function 
of leaf-blade is assumed by the stipules (n). A comparison between 
these two forms is phylogenetically instructive, as it indicates the steps of 
the gradually modifying processes which have resulted m the complete 
reduction of the leaf lamina of Lathyrus. But, for still other reasons, 
the last case deserves attention, as it shows clearly the morphological 
distinction between leaf and stem tendrils, and emphasises the value of 
comparative morphological investigation 

In Lathyrus Aphaca the stipules assume the function of the 
metamorphosed leaf laminae ; in other instances, as m the case of the 
Australian Acacias (Fig 48, 7, 8 , 9 ), it is the leaf petioles which, 
becoming flattened and leaf-like in appearance, supply the place of the 
undeveloped leaf-blades. Such a metamorphosed petiole is called a 
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PHYLLODE, and, except that it is expanded perpendicularly , exactly 
resembles a cladode. From the latter, however, it is _ morphologically 
different, for the one represents a metamorphosed petiole, the other a 
metamorphosed shoot. In accordance with this distinction phyl lodes 



Fig 35 — Portion of stem and leaf ol the common Pea, 

sativum s, Stem , n 9 stipules , 5, leaflets of the compound 
leaf, ?, leaflets modified as tendrils, a, tloial slmot 
(J nat size ) 


I l« Ilf* / •?$ hi fi 

Mr'ii ♦ i , stipules, 
' , l» at t^udi it (’ u it. 
"i* »* ) 


do not, like cladodes, spring from the axils of leave*.. dust as stems 
become modified into thorns (Fig 28), by a similar metamorphosis 
leaves may he converted into leaf thorns Whole leaves on the mam 
axis of the Barberry ( Berberis vulgar is) become thus transformed into 

thorns, usually three, but m their diameter of 
leaves still give rise to axillary shoots pro- 
vided with foliage leaves By a similar meta- 
morphosis, the two stipules of the leaves of 
the common Locust (Jtubumt l**nuhtiv(ni) 
become modified into thorns, while the leaf 
lamina persists as a foliage leaf (Fig B7). In 
addition to stem and leaf thorns, many plants 
aie provided with other outgrowths of similar 
appearance, which arc often wrongly called 
thorns ; but as they have, in reality, an alto- 
gether different morphological origin, they 
are more correctly termed prickles. The 
prickles so characteristic of the Bose ami 
pound leaf of Robima Pseuda- Blackberry belong to the same category as 
utcia, n, stipules modified hairs, and m no way represent metamorphosed 

Gnat size) segments of the plant body. Like hairs, 

they are also superficial outgrowths (emer- 
gences) They have no definite fixed relation to the external seg- 
mentation of a plant, but arise from any part of its surface. 



Fig 37 —Part of stem and com- 
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Prickles vary considerably in number, they are not arranged in any 
definite manner, and in some cases are entirely absent. 

Vernation and Estivation. — A section through a winter bud 
shows a wonderful adaptation of the rudimentary leaves to the narrow 
space in which they are confined (Fig. 38). They may be so disposed 
that the separate leaves are spread out flat, but more frequently 
they are folded, either cross -wise or length -wise on the midrib 
(conduplieate), or in longitudinal plaits, like a fan (plaited, plicate) , 
or they may be crumpled with no definite arrangement of the folds , 
or each leaf may be rolled, either from the tip downwards (circinate) or 
longitudinally, from one margin to the other (convolute), or from both 
margins towards the midrib, either outwards (re volute) or inwards (in- 
volute, Fig. 38, l). The manner in which each separate leaf is disposed 



Pig* SS — Tiansvei&e section of a bud of Poj*uhn 
nigut A, Bud -scales shoeing imbiicated 
aestivation , 7, foliage leaves with involute 
'vernation, each leaf lias two stipules 
(X15) 



Fig SO — 1 Tians\erse section of a leaf-bud 
of Tsuga canadensis, just below the 
ape\ ol the shoot, showing a ft divei- 
gence (After Hofmetster ) 


m the bud is termed vernation. On the other hand, the arrangement 
of the' leaves in the / bud with respect to one another is designated 
AESTIVATION In this respect the leaves are distinguished as free when 
they do not touch, or valvate when merely touching, or imbricated, 
in which case some of the leaves are overlapped by others (Fig. 38, IS) 
If, as frequently occurs m flower-buds, the margins of the floral 
leaves successively overlap each other in one direction, obliquely or 
otherwise, the aestivation is said to be contorted 

The Arrangement of Leaves — In all erect elongated shoots, and 
still more so in dwarf shoots, it is apparent that there is a marked 
regularity m the arrangement of leaves This regularity may be most 
easily recognised m cross-sections of buds (Fig. 39), particularly m 
sections showing the apex of the vegetative cone (Fig 29) From 
such an apical section it is easily seen that the regularity in the 
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order of arrangement of the rudimentary leaves is determined by their 
conformity with the position of the older lea\ es on the vcgctat i\ e 
cone, and the consequent necessity of utilising the remaining free 
space. Thus, the position of newly developing leaves is inilnenced 
by those already existing, while their formation is the result of in- 
ternal causes. After the rudiments of the new lea\os have become 
protruded from the vegetative cone, they come in direct contact with 
the older leaves, and may then, as Schwenbenkr lias show n, become 
displaced through the consequent mutual pressure, by which correspond- 
ing changes in their ultimate position may be effected. If the axis 
does not grow in length, but only in thickness, as the rudimentary 
leaves increase in size, their points of insertion will be displaced later- 
ally by longitudinal pressure ; if the axis increases in length, and not 
m thickness, the insertion of the leaves will be displaced h\ a trans- 
verse pressure The arrangement of the leaves would also be atleeted 
by any increase or decrease in the size of the vegetative cone, un- 
accompanied by a corresponding increase or cessation of tin* growth 
of the rudimentary leaves. Abrupt changes m the usual position 
of the leaves may also be occasioned by the torsion of their parent 
stem. Thus, the leaves of Pandanus first appear in tlneo straight 
rows on the vegetative cone, and their subsequent spiral arrangement, 
according to Schwendener, results from the torsion of the stem An 
irregular arrangement of the leaves, such as ocoms, for example, on 
the flower-stalk of the Crown Imperial ( FntHUiria iin/n may 
result from the unequal size of the leaves at the time of their in- 
ception on the vegetative cone. 

A frequent mode of arrangement of foliage leaves is tin* decussate, 
in which two-leaved whorls alternate with each other (Fig. “20), A 
whorled arrangement is characteristic of floral leaves. When the 

number of leaves m each whorl is the same the 
whorls usually alternate On the other hand, the 
number of members m the different whorls of 
floral leaves will often be found to vary greatly ; 
or a whorl, the existence of which would be 
expected from the position of other whorls and 
from a comparison with allied plants, may be 
altogether wanting. In this connection a com- 
parison of the flowers of the Li/un'ettr and Jiithuuw 
will be instructive. The flowers of the JJliumte 

^Liiiaceoua^ovrei °The 40) are composed of five regularly alter- 

mam axis is indicated nating, three-leaved whorls or cycles, viz v a calyx 

site 8, to^which * i 3 ° P the an( * a coro ^ a (each consisting of three leaves, and 
■bract 011 account of their similar appearance usually 

referred to conjointly as the perianth), an outer 
and an inner cycle of stamens, and finally, in the centre of the flower, 
an ovary of three carpels. In the flowers of the Indacetui (Fig. 41) 
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the arrangement is exactly similar, except that one whorl, that of 
the inner cycle of stamens, is lacking, but the three carpels are 
situated exactly as if the missing cycle of stamens 
were present. From this similarity of arrangement, 
despite the absence of the one cycle of stamens, the 
conclusion has been drawn that, at one time, the 
inner row of stamens was actually present, but has 
now disappeared. In constructing a theoretical 
diagram of the Indaceae the missing cycle of 
stamens is indicated by some special sign (by crosses 
in Fig. 41) ; a diagram in which theoretical sup- 
positions are not taken into consideration is called 
an empirical diagram. Diagrams showing the 
alternate arrangement of leaves, in cases where 
only a single leaf arises from each node, may 
be constructed by projecting the successive nodes 
of a stem upon a plane by means of a series 
of concentric circles, on which the position of the leaves may be 
indicated (Fig 42) The angle made by the intersection of the 
median planes of any two successive leaves is called their DIVERGENCE, 



Fig 41 — Theoretical 
diagiam of the flow er 
of the Ins The ab- 
sent cycle of stamens 
is indicated by 
crosses 



Fig 42 — Dugiam showing $ iiosition of 
leaves The lea\es numbered accoidmg 
to then genetic sequence 



Fig 43 — The ? position on the outspiead 
sui face of the axis o, Orthostichies , p s 
paiasticlues The leaves aie numbered 
according to their genetic sequence 


and is expressed in fractions of the circumference, for example, in 
case the angular divergence between two successive leaves is 120°, 
their divergence is expressed by the fraction •£. In the adjoining 
diagram (Fig. 42) a •§• divergence is indicated. Where the lateral 
distance between two successive leaves is -f of the circumference of the 
stem, the sixth leaf is above the first, the seventh above the second, 
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and so on. The leaves form on the axis five icrtieal lows, which 
are spoken of as outhostichies Where the leaves are \<*rv much 
crowded, as in dwarf-shoots, a set of spiral rows called pvuan'IK hiks, 
due to the contact of the nearest laterally adjacent members, becomes 
much more noticeable than the orthostichies. If the surface of 
such an axis be regarded as spread out horizontally, the parastichies 
become at once distinguishable (Fig. 43), and it will be o\ idem that the 
sum of the parastichies cut by every cross-section through such an 
axis must equal the number of the orthostichies. On objects like 
pine cones, in which the parastichies are easily xecognNed, thej may 
be nsed to determine the leaf arrangement. The mo-t common 
divergences are the following, A a, (, >■,*, ote. In this 

series it will be observed that in each fraction the numerator and 
denominator are the sum of those of the two preceding fractions. The 
value of the different fractions varies, accordingly, between ] and *, 
while always approaching a divergence angle of 137 30’ l'S . The 
frequent recurrence of the divergence angles, expressed by the 
fractions of this series, is, no doubt, due to the tact that b\ Mich 
arrangements of the leaves, the space available is utilised to the best 
advantage, and with the least possibility of mutual hindrance m the 
performance of the assimilatory functions. If a line In* drawn on 
the surface of astern, so as to pass in the shortest way suceessj\clv 
through the points of insertion of every leaf, a spiral called the 
Genetic SPIRAL will be constructed. That portion of the genetic 
spiral between any two leaves directly over each other on the >ame 
orthostichy is termed a cycle Where the divergence is a cicle 
will accordingly include five leaves, and will in such a case 
have made two turns about the stem An attempt has been made to 
trace spirals even where the leaves are arranged in whorls, but 
now that the genetic causes controlling .such leaf arrangements are 
understood, such a procedure seems rather superfluous. 1 1 is, inornn er, 
no longer attempted to extend the spiral theory to dorsivent ral shoots ; 
since it is now known that this arrangement of the leaves is due, not 
to an ideal spiral law, but to mechanical causes regulating their 
development. The tips of dorsiventral shoots are frequently coifed 
ventrally inwards, bearing tbeir leaves either dorsally oi on the sides, 
but, m the latter case, more on the dorsal than ventral surface. The 
creeping stems of many Ferns or the flower- hearing shoots of 
Forget-me-not (Myosotis) are good examples of such "dorsiventral 
snoots. The line joining successive leaves in such cases is, at the 
best, but a zigzag. 


The Root 

, /l-’ks third member of the plant body of Cormophytes, in its 
typical development as an underground root, show's but little varia- 
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tion. This regularity of form is due to the uniformity of the conditions 
to which roots are exposed in the ground, for aerial roots, which are 
for the most part restricted to the moist climate of the tropics, exhibit 
a much greater tendency to modification. The covered_vegetative cone 
and the inability to develop leaves are characteristic of roots, and 
furnish an easy means of distinguishing them from underground shoots 
A root-cap or calyftra affords the vegetative cone of a root the 
protection that is provided to the apex of a stem by the rudimentary 
leaves. Although, generally, the existence of a root-cap is only dis- 
closed by a median, longitudinal section through the root-tip, in some 
roots it is plainly distinguishable as a cap-like covering The very 
noticeable caps on the water roots of Duckweed ( Lenina ) are not, m 
reality, root-caps, as they are not derived from the root, but from a 
sheath which envelops the rudimentary root at the time of its origin. 
They are accordingly termed root-pockets (Fig. 415, wt) As a 
general rule, however, roots without root-caps are of rare occurrence, 
and m the case of the Duckweed the root-pockets perform all the 
functions of a root-cap The short-lived roots of the Dodder (p 25) 
afford another example of roots devoid of root-caps. Characteristic of 
roots are also the root-hairs (Fig. 47, ?•), which are found at a short 
distance from their apices. As the older root-hairs die at the same 
rate that the new ones are developed, only a small portion of a root is 
provided with root-hairs at the same time. In other respects, root- 
hairs, like prickles, show no regularity in their individual position or 
number. In some few instances roots develop no root-hairs ; this is 
true of the roots of many Conifers, and of most aerial roots 

Branching of the Root. — Just as a shoot may become bifurcated 
by the division of its growing point (Fig. 18), so a root may become 
similarly branched. For the most part, this mode of branching takes 
place only in the roots of Lycopodiacecte, the shoots of which are also 
dichotomously branched (p 19) The branching of roots usually 
occurs m acropetal succession, but the lateral roots (Fig. 47, sw) make 
their appearance at a much greater distance from the growing point 
of the main root, than lateral shoots from the apex of their parent 
sfem. By reason of the internal structure of their parent root, lateral 
roots always develop m longitudinal rows (Fig. 47). They are of 
endogenous origin, and before reaching the surface must break through 
the surrounding and overlying tissue of the parent root, by the 
ruptured portions of which they are often invested, as with a collar. 

Adventitious roots, just as adventitious shoots, may arise from 
any part of a plant. They are especially numerous on the underside 
of rhizomes (Fig. 21, w), and also, when the external conditions are at 
all favourable, they seem to develop very readily from the stem nodes. 
A young shoot, or a cutting planted in moist soil, quickly forms 
adventitious roots, and roots may also arise in a similar manner from 
leaves, especially from Begonia leaves. The origin of adventitious roots, 
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as of all roots, is endogenous. Dormant root rudiment » occur in the 
same manner as dormant buds of shoots. The e:i>e with v hieh w lllows 
are propagated from shoots is well known, and is due to the prompt- 
ness with which they develop adventitious roots from appai ently 

latent embnonie tissue, when 
the requisite conditions of 
moisture and darkness are ful- 
filled. 

The Metamorphosis of the 
Root. — The customary nomen- 
clature for the various root 
forms is based on their shape, 
size, and mode of branehing. 

, A root v Inch is a prolongation 
downwards of the mam stem 
is called the main root or TU’- 
koot , the other root'' are 
termed, with reference to the 
tap-root, l. VTKK W. hoots of 
different orders, according to 
the order of their develop- 
ment. The roots may enlaigo 

Fig. 44- — Root-tubors of DciKlw vrn lobiltb s, Tlit> jbllti l)C(‘Oll1C t liniip ,, sil«t]H k <l OF 
lower portions of cut stems (I nat sire) , t t \ t 

' tuberous (big. H). Such 
tuberous growths often greatly resemble ste m tubeis. but may lie dis- 
tinguished from them by their root-caps, by the absence of any indica- 
tions of leaf development, and by their internal structure. 

The tubers of the Orchidccccac exhibit, morphological l\ , a peeuhar mode of for- 
mation They are, to a great extent, made up of fleshy, swollen roofs, fused to- 
gether and terminating above m a shoot biul At their lower eMiemify the 
tubers are either simple or palmately segmented In the adjoining tiguie 'Fig. 
45) both an old ( t ' ) and a young tnbei ( t ") are represented still united togethei. 
The older tuber has produced its flowering shoot (ft), and has begun to sin i\ el and 
dry up , a bud, formed at the base of the shoot, m the a\il of a scale leaf (s>), has 
already developed the adventitious roots, which, swollen and fused 1 < ’get her, have 
given rise to the younger tuber 

The aerial roots of tropical Epiphytes differ considerably in their 
structure from underground roots The aerial roots of the Orrhulmw 
and of many Aroideae are provided with a spongy sheath, the VKLAMBN, 
by means of which they are enabled to absorb moisture from the 
atmosphere. Aerial roots, m some cases, grow straight downwards, and 
upon reaching the ground, branch and function as nutritive roots for 
die absorption of nourishment ; in other instances, they turn from the 
light, and, remaining comparatively short and unbran ehed, fasten them- 
selves as climbing boots to any support with which they come in 
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contact. The climbing roots of many Orchids, Aroids, and Ferns branch 
and form lodgment places for humus ; and into this the nutritive root 
branches penetrate as special outgrowths of the climbing roots. Pendent 
aerial roots generally contain chlorophyll. In the Orchid Angrctecum 
glohulosum the task of nourishing the plant is 
left entirely to the aerial roots, which are 
then devoid of a velamen, and very much 
flattened They are distinctly green-coloured, 
and supply the place of the leaves which lose 
their green colour and are reduced to scales. 

The aerial roots of the epiphytic Bromeli- 
aceae are developed exclusively as climbing 
roots, while the leaves function not only as 
assimilating organs, but also assume the 
whole task of water- absorption. All the 
aerial roots of Epiphytes are, so far as their 
origin is concerned, adventitious. 



Fig 45 — Oichts latifolia t’, Tlie 
old root-tuber , t", the young 
loot-tuber, b, floral shoot, s, 
scale leaf with axillary bud, 
l, from which the new' tuber 
has ansen , i, oidinary adven- 
titious loots (-] nat size ) 


The numerous adventitious roots which form 
a thickly -ruatted covering on the trunks of Tree- 
ferns become haid after death, and serve as organs of protection In some 
Palms ( Aecmtho? i fuza , , Inca tea) the adventitious roots on the lower part of the 
stem become modified into thorns, root-thorns. The roots of certain tropical 
plants, such as Pandanus and the swamp-inhabiting Mangiove trees, are specially 
modified These plants develop on their stems adventitious roots, which 
grow obl ique ly downwards into the ground, so that the stems finally appeal 
as if growing on st ilts The Banyan trees of India {Ficus Inchca) produce v onder- 
lul loot-supports from the under side of their branches, upon which, they rest 
as upon columns. The lateial roots of certain Mangrove trees become modified as 
pecuhai breathing oigans, and for this purpose glow upwards into the an* out of 
the swampy soil or water m which the trees grow , they then become greatly 
sw ollen or flattened, and provided with special aerating passages Such respira- 
tory or aerating hoots suiround the Mangrove trees like vigorous Asparagus 
stalks, and enable the roots growing below in the mud to carry on the necessary 
exchange of gases with the atmosphere 


The roots of parasites usually undergo a far-reaching reduction 
The roots of the Dodder ( Cuscuta ) form wart-like excrescences (Fig. 
185, H) at the point of contact with their nourishing host, which 
they finally penetrate. They draw nourishment from the host plant, 
and are consequently termed suction hoots or haustoria; such 
haustona divide within their host into single threads, and from_ each 
thread a new parasitic plant may be formed. The immense flowers oi 
Bctfflesia Arnoldi, which spring directly from the roots of Gissus , owe 
their origin to similar haustoria. The reduction of the roots may 
extend to such a degree that, in many plants, no roots are formed 
It has been already mentioned (p. 23) that m the case of GwaXliw- 
•t'hi’M innata (Fig. 22) the rhizome assumes all the functions of the 



44 


BOTANY 


rvr.r i 


roots, which are entirely absent. Also m many aquatic-, •'v//r/. tiin y 
Wolffia cvnlnza, , Utricularia, CeuitopJu/liiini , roots are altogether absent 

The Ontogeny of Plants 

Just as m the phylogenetic development of the \egctablo kingdom 
there is an evolution from simpler to more complex forms*, so each plant 
in its ontogeny passes through a similar process of evolution. 1 he 
study of the ontogenetic development of a plant is termed KM BUY * >i.< hjy 
A young plant, in its rudimentary, still unformed condition, is railed an 
embryo or germ j and the early stages of its development are spoken of 
as germination. As a rule, the embryo, m the beginning of it*- de- 
velopment, is microscopic and of a spherical form. In a low or organism 
this condition may continue from the beginning to tin- end of its 
development, as is the case m Gloeocapsa puli/drr/mifirn (Fig. 1. p. II). 
or the development may proceed further to the formation of filament- 
ous, ribbon-like or cylindrical bodies. If the future plant is to lu\e 
a growing point, a part of the germ substance is retained m its 
embryonic condition, and further development proceeds from this 
embryonic substance. In the more highly-organised plants the ditlerent 
members arising from the growing point only gradually attain that 
degree of development characteristic of the particular plant. The 
plant must develop and attain maturity, ami it is not until it lias 
accomplished this that certain portions of the embnome substance of 
the growing point are appropriated to the production of new embnos. 

The different generations arising from an emhiyo of a plant may 
exactly resemble each other, or an alternation ok oknkk vrioxs may 
occur, m which case each succeeding generation is unlike its immediate 
predecessor. As a general rule, the alternate generations are equiva- 
lent, although this is not necessarily the case One of the alternating 
generations is usually sexually differentiated, that is, its reproduet i\ e 
cells are only capable of development after a fusion with other repro- 
ductive cells This process of the fusion of two sexually differentiated 
cells is called FERTILISATION, and its product a fertilised egg The 
asexual generation, on the contrary, produces reproductive cells, 
termed spores, which require no fertilisation before geimmating In 
the case of the Thallopliytes, the alternation of generations is often 
extremely complicated by the irregularity of the recurrence of the 
different generations, and by the interposition of other modes of 
reproduction, not m line with the regular succession of generations. 
In the Cormophytes, however, asexual and sexual generations regularly 
alternate, and consequently, whenever an alternation of generation 
occurs, more than one generation is requisite to complete a cycle in 
the development of a species Accordingly, in the conception of a 
species,, two or more individuals are included. These individuals 
may exist separately and distinct from each other, or they may be so 
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united as to appear but a single organism ; as, for example, in the 
Mosses, where the spore-producing generation lives upon the sexual 
plant, or as in Phanerogams, where, conversely, the sexual generation 
completes its development within the asexual plant 

In Phanerogams, owing to the formation of the embryo within 
seeds, that stage of the development of a plant which is termed 
germination is clearly defined ; for not until the seed is completely 



Fig 4<> — Thuja occidental is J, Median longitudinal 
section through the l ipe seed ( x 5) , XJ, C ( x 2) , 
D, E (nat size), difteient stages of germina- 
tion , A, hypocotyl , e, cotyledons , r, radicle , 
v, \egetative cone of stem 



Fig 47 — Seedling ot Ccupmus Betulm h, 
Hypocotyl , c, cotyledons , hw t mam 
loot , hiv, lateral loots , ? , zoot-liairs , e , 
epieotyl , l, l\ foliage leaves (Nat size ) 


formed does the newly-formed plantlet begin its independent exist- 
ence. The embryo, while still enclosed within the seed, generally 
exhibits the segmentations cliaracteustic of Cormophytes. Protected 
by the hard seed-coats, it is enabled to sustain a long period of rest. 
Abundant deposits of nutritive material in the embryo itself, or 
surrounding it, are provided for its nourishment during germination 
The different segments of a phanerogamic embryo have received 
distinctive names ; thus, as m the embryo of the American Arbor Vitae 
{Thuja occidentalism Pig 46), the stem portion (h) is termed the hypo- 
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com, the first leaves (c) are the seek lewks or n.rr i kkons. rtl.ilo 
the root (r) is distinguished as the IUDIOLE. lhe tup-mot <>t tin- tullv- 
developed plant is formed by the prolongation ot the tacit* le. In 
Fio 47 a germinating plantlet of the Hornbeam (t rt, r nut* 
shown with its hypocotyl (h) and both cotyledon, (c) ; lmt i.tdiclc 
has already developed into a tap-root (hw) with a umnU-v ot l.jtcr.d 
roots (sw) An internode and foliage leal (/) have been produced 
from the vegetative cone of the stem; while the next higher internode 
is also distinguishable, but has not yet elongated, and a second toluge 

leaf (V) is unfolding. . , , . , . . , 

A highly organised plant, which begins its-. development with 

the simplest stages and gradually advances to a higher .state of 
differentiation, repeats in its ontogeny its phvlogcnetic develop 
ment. In the process of its ontogenetic development much lias 
been " altered, and much omitted, so that it presents hut an imperfect 
picture of its past history ; nevertheless, this representation i- valuable, 
and, next to comparative methods, furnishes the most important source 
of morphological knowledge. Whatever is true of the development ot 

a plant from the embryo 
is also, as a rule, applicable 
to its furthei growth from 
the grow mg point, and, con- 
sequently, a knowledge of 
tile mode of development 
at the growing point is 
of gioat importance m 
detecting homologies. The 
earlier a characteristic 
makes itself apparent m 
the embrjo, or the nearer 
it is to the growing point 
of the old plant, so much 
the greater is its value in 
determining the general 
relationships existing he , 
tween the different plants ; 
the later it is exhibited in 
the embryo, or the farther 
removed it is from the 

Fig 48, — Seedling of dcctcut pycnantha . The cotyledons growing point of tllO plant* 
have been thrown off. The foliage leaves 1-4 are 

pinnate, the following leaves bipmnate The petioles ^h$ £>01101 \UlUC 9 

of leaves 5 and 6 are vertically expanded , and m the but the greater, in propor- 

followrog leaves, 7, 8, 9, modified as phyllodia, with tion, its importance in dc- 
nectaries,^ (x circa J) ^ . , x r « . 

fining the character of a 
genus or species. From the fossil remains of former geological periods, 
it is safe to conclude that such Conifers as Thuja , Biota t and the various 
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J unipers, that now have scale-like compressed leaves, have been derived 
from Conifers with needle-shaped leaves. This conclusion is further 
confirmed by the fact, that on the young plants of the scaly-leaved 
Conifers typical needle-shaped leaves are at first developed The 
modified leaf forms do not make their appearance until the young 
plant has attained a certain age, while in some Junipers needle-shaped 
leaves are retained throughout their whole existence. Even still more 
instructive are the Australian Acacias, whose leaf -stalks become 
modified, as phyllodia (p 35), to perform the functions of the reduced 
leaf- blades. The proof for such an assertion is furnished by a 
germinating plantlet of Acacia pycnantha (Fig. 48), in which the first 
leaves are simply pinnate, and the succeeding leaves bipinnate. In the 
next leaves, although still compound, the leaf-blades are noticeably 
reduced, while the leaf-stalks have become somewhat expanded in a 
perpendicular direction. At length, leaves are produced which 
possess only broad, flattened leaf-stalks. As many other species of 
this genus are provided only with bipinnate leaves, it is permissible 
on such phylogenetic grounds to conclude that the Australian 
Acacias have lost their leaf-blades in comparatively recent times, and 
have, in their stead, developed the much more resistant phyllodes 
as being better adapted to withstand the Australian climate The 
appearance, accordingly, of the phyllodes at so late a stage in the 
ontogenetic development of these Acacias is in conformity with their 
recent origin It may, m like manner, be shown that in the case of 
plants with similarly modified leaf forms, the metamorphosis of the 
leaves does not take place until after the cotyledons and the first 
foliage leaves have been developed, and it is then usually effected 
by degrees 


II INTERNAL MORPHOLOGY 

(Histology and Anatomy) 

The Cell 

All plants, as all animals, are composed of elementary organs 
called cells. In contrast to animal cells, typical vegetable cells are 
surrounded by firm walls, and are thus sharply marked off from 
one another. In fact, it was due to the investigation of the cell walls 
that the cell was first recognised in plants. An English micrographer, 
Robert Hooke, was the first to notice vegetable cells. He gave them 
this name in his Microgi aphia in the year 1667, because of their 
resemblance to the cells of a honeycomb, and published an illustration 
of a piece of bottle-cork having the appearance shown in the adjoining 
figure (Fig. 49). Robert Hooke, however, was only desirous of ex- 
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Fig 49 — Copy of a. pait ot 
Hooked illustration of 
bottle-cork, which lie en- 
titled Schematism 01 tex- 
ture of cork 
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hibitmg by means of different objects the capabilities of Ins microscope , 
consequently, the Italian, Marcello Malpighi, and the Englishman, 

Nehemiah Grew, whose works appeared almost 
simultaneously a few years after Hooke’s M hu o- 
graphia, have been regarded as the founders of 
vegetable Histology. The living contents of the 
cell, the real body or substance, was not re- 
cognised m its full significance until the middle 
of the present century. Only then was attention 
turned more earnestly to this study, which has 
since been so especially advanced by M even, 
Schleiden, Hugo v. Mohl, Nagel i, Fkuih- 
nand Cohn, Pringsheim, and Max Schcltzk. 

If an examination be made of a tlun longi- 
tudinal section of the apex of a stem of a phanero- 
gamic plant, with a higher magnifying power 
than that used in the previous investigation (Fig. 17) of the -vegetative 
cone, it wall be seen that it consists of nearly rectangular cells (Fig. o 0 ), 
which are full of protoplasm and separated 
from one another by delicate w T alls. In 
each of the cells there will be clearly dis- 
tinguishable a round body (£), which fills 
up the greater part of the cell cavity. 

This body is the cell nucleus. If sections, 
made m different directions through the 
vegetative cone, be compared with one 
another, it will be seen that its component 
cells are nearly cubical or tabular, while 
the nuclei are more or less spherical or 
disc-shaped. The finely granular substance 
(cy) filling m the space between the nucleus 
(k) and the cell wall (m) is the CELL PLASM 
or cytoplasm. Recent investigations have 
shown that two extremely small, colourless 
bodies lie m the cytoplasm, near the nucleus. The.se are /.lie 
CENTROSPHERES Or ATTRACTION SPHERES (<\s). Ill addition to these 
there are to be found, about the nucleus, an indefinite numbei of 
somewhat larger bodies, which are also colourless and highly refrac- 
tive , these are the pigment - hearers or OHROMATopiiorek (< It). 
Nucleus, centrospheres, cytoplasm, and chromato phores, con- 
stitute THE ELEMENTS OF THE LIVING BODY OF A TYPICAL VEGETABLE 
CELL To designate all these collectively, it is customary to use the 
term Protoplasm, which is then to he understood as including all 
the living constituents of a cell 

Protoplasm does not show the same degree of internal differentia- 
tion in all vegetable organisms. The protoplasm of the Fungi has no 
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Fit- 50 — Kmhi\ oim e« 11 horn the 
v^etatne * out 1 <>t,i *«uiiu 

plant A, % miens, /. n\ nm*l»Mi 
iiKMitbiain 1 , ##, mu loolus , f, run 
tiosplmus, < ;/, topLiszu , th y 
elnoni*itoplim«*N , m, tell wall 
(Somewhat Uuuiuimuuitio, % nn a 
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chromatophores In the protoplasm of the lowest plants, the Fission 
plants or the Schizophytes, the internal differentiation does not seem 
to have progressed to the same extent as in 
the more highly organised plants. 

The protoplasm of animal cells, on the 
other hand, is devoid of chromatophores. 

While animal cells usually remain continuously 
filled with protoplasm, vegetable cells soon 
form large sap cavities It is only the 
embryonic cells of plants that are entirely 
filled with protoplasm, as the cells, for ex- 
ample, of an ovule or of a growing point , 
they afterwards become larger and contain 
proportionally less protoplasm. This can be 
seen in any longitudinal section through a 
stem apex. At a short distance from the 
growing point the enlarged cells have already 
begun to show cavities or vacuoles (v m A, 

Fig. 51) m their cytoplasm These are filled 
with a watery fluid, the cell sap. The cells 
continue to increase in size, and usually soon 
reach a condition m which their whole central 
portion is filled by a single, large sap cavity fa 
(v m B, Fig. 51). This is almost always the 
case when the increase in the size of the cell 
is considerable The cytoplasm then forms 
only a thin layer lining the cell wall, while 
the nucleus takes a panetal position in the 
peripheral cytoplasmic layer. At other times, 
however, the sap cavity of a fully-developed 
cell may be traversed by bands and threads 
of cytoplasm , and m that case the nucleus 
is suspended m the centre of the cell But 
whatever position the nucleus may occupy, it 
is always embedded in cytoplasm ; and there 
is always an unbroken peripheral layer of 
cytoplasm lining the cell wall 

This cytoplasmic peripheral layer is in con- 
tact with the cell wall at all points, and, so long 
as the cell remains living, it continues m that 
condition. In old cells, however, this cyto- 
plasmic layer frequently becomes so thin as to 
escape direct observation, and is not perceptible 
until some dehydrating reagent, which causes it to recede from the wall, 
has been employed. Such a thin cytoplasmic peripheral layer has been 
described by Hugo v. Mohl under the name of primordial utricle. 

e 



Fig 51 — Two cells taken at 
different distances fiom tlie 
growing point of a phanero- 
gamic shoot L, Nucleus , 
cy, cytoplasm , -i\ vacuoles, 
represented m B by the sap 
cavity, (Somewhat diagiam- 
matic, x cnca 500 ) 
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As a rule, every living vegetable cell has a nucleus. 

Dead cells lose their living protoplasmic contents, ami, strictly 
speaking, should no longer be termed cells, although the name was first 
applied to them when m that condition In reality they represent 
only cell cavities With their death, however, cells do not lose their 
importance to a plant. Without such cell cavities a plant could not 
exist, as they perform for it the office of water-carriers, while at the 
same time exercising other functions. The necessary rigid it j of a 
plant is also dependent, to a great extent, on the mechanical support 
afforded by a framework composed of dead cells. Thus the heart of 
a tree consists exclusively of the walls of dead colls 

The Protoplasm. — We naturally begin with that substance which 
constitutes the living plant body, the Protoplasm, also more shortly 
designated the Plasma. In order to facilitate an insight into the 
real character of protoplasm, attention will first he directed to the 
Slime Fungi or fungus animals (. Myxoimfcete a), a group of organisms 
which stand on the border between the animal and vegetable king- 
doms. These Myxomycetes are characterised at one stage of their 
development by the formation of a Plasmodium, a large naked mass 
of protoplasm 

The plasmodium is formed from the protoplasm of the spore-'. 
These spores are unicellular bodies (Fig. 52, a, b), filled with cytoplasm, 
m which lies a central nucleus, and are surrounded by tenacious cell 
walls. The spores germinate m water, their contents, breaking through 
the spore walls, come out ( c , d) and round themselves off A change 
of form soon takes place ; the protoplasmic mass elongates and assumes 
somewhat the shape of a pear, with the forward end prolonged into a 
fine whip-like process or flagellum (e, f, g). Thus the contents of the 
spore have become transformed into a swarm-kpork, which now swims 
away by means of whip-like movements of its flagellum. 

In addition to the nucleus, which is visible in the front end of 
every swarm-spore, a vesicle may be seen at the other end, which, after 
gradually increasing m size, suddenly vanishes, only to swell again 
into view. This vesicle is a contractile vacuole. Tlu* presence 
of such a contractile vacuole in an organism was formerly considered 
a certain indication of its animal nature. Now, however, contractile 
vacuoles have been observed in the swarm-spores of many green Algae, 
of whose vegetable nature there can be no doubt. 

The swarm-spores of the Myxomycetes soon lose this characteristic 
swarm- movement, draw m their flagella, and pass into the anmeba 
stage of their development, m which, like animal amoeba 1 , they assume 
irregular, constantly changing shapes, and are capable of performing 
only amoeboid creeping movements. In the case of Ch<mlrit«!< ana 
difforme, a Myxomycete of frequent occurrence in rotting parts 
of plants (Fig. 52), a number of the amcebse eventually collect 
together (l) and coalesce. In this way, as is also the case with 
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most other Myxomycetes, the amoebae ultimately give rise to a plas- 
modium (n) 

Although each one of the amoebae is so small that it can only be seen 
with the aid of a microscope, the plasmodium into which they become 
united may attain a size large enough to be measured in centimetres. 
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Fi<* 52 — L'hoiuh toilet via difoime u, Diy, shuvelled spoie , Z>, swollen spoie , c and d , spuies 
hhowing escaping contents , e, /, g, &\varm-spoi es , h, swarm-spore changing to a myxoamceba , 
younger, l, oldei myxoamoeba , I , liiyxoamcebas about to tuse, mi, small x>las in oclium , n> 
poition ot fully-fleveloppcl plasmodium («-m, x 540 n, x 90 ) 

In a single amoeba of the Myxomycetes, and still better m a 
plasmodium, it can be seen that the fundamental substance of the 
cytoplasm is hyaline and viscid This fundamental substance is called 
hyaloplasm. The hyaloplasm is denser on the surface of the plas- 
modium, entirely free from granules, and forms a homogeneous superficial 
layer, sometimes referred to as the protoplasmic membrane. In the 
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interior, on the pther hand, the hyaloplasm is thin and linn. I- like, it 
contains numerous granules, and is then designated granul u; plasm. 
In the granular plasm will he found the nuclei of the \ ariotis amoeba.* 
from which the plasmodium has been formed 

The granular plasm of plasmodia exhibits streaming movements, as 
of different commingling currents, and affords a good example of the 
internal movements commonly shown by living protoplasmic masses 
Thus, m addition to the flagellar or ciliary movements, by mean* 
of which, as was observed m the swarm-spores of f Vmiidi h»Ut mu, a 
change of position is effected through the whip-like motion of fine 
cytoplasmic threads, and the creeping amoeboid movements, sueli 
as were also exhibited by Chronduodenna m the a nucha stage of 
its development, there may also be recognised, as m the ease of the 
plasmodium, internal protoplasmic movements A plasmodium is 
also capable of creeping movements It sends out new protrusion-, 
and draws in others previously formed If two protrusions meet, 
they unite to add a new mesh to the network of the plasmodium (//, 
Fig. 52) The viscous structureless superficial pellicle of hyaloplasm 
exhibits only creeping movements, while internal protoplasmic moie 
ments also take place m the more fluid granular plasm. Thus the 
granular plasm is continually flowing m irregular currents, alternately 
towards or away from the surface of the plasmodium. 

The plasmodium is able to surround and take within it -elf 
foreign bodies. These are then enclosed m vacuoles and, a.s fai as 
possible, digested The granular plasm seems to be separated from 
the vacuoles by a pellicle of hyaloplasm, similar to that on the surface 
of the plasmodium 

Protoplasmic bodies, or protoplasts, enclosed by cell walls, likew i-c 
separate themselves by a similar hyaloplasime pellicle from the cell 
walls and sap cavities, and all other vacuoles. The granular phwu i- 
aceordmgly enclosed on all sides by hyaloplasm, while the cell imcleu-, 
with its centrospheres and chromatopliores, always lies embedded m 
the granular plasm. 

AYithin the walled protoplasts, the granular protoplasm often 
exhibits internal flowing movements Such movements are e^pecitfll} 
noticeable when, by a wound, such as might result fiom a cut in 
preparing a section, a stimulus is given to the protoplasm In cell- 
in which the protoplasm forms only a peripheral layer, there mai 
frequently be observed a movement in a continuously circling direction ; 
this is known as rotation. If, however, the sap cavity is penotiated 
by bands or threads of cytoplasm, the motion will generally be of 
that kind known as circulation, m which case the currents of proto- 
plasm move m separate courses with different and frequently chang- 
ing directions. Rotation is the more frequent form of protoplastic 
movement m the cells of water-plants, while m land plants circulation 
is generally the rule. 
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A paiticulaily favomable object foi the study of protoplasm m cnculation is 
affoided by the stammal hairs of Traclescantia xirginica. In each cell (Fig 53) 
small, fine currents of piotoplasm flow in different directions m the penpheral 
cytoplasmic layei, as well as in the cytoplasmic threads, which penetiate the sap 
cavity These cytoplasmic threads gradually change their foim and structure, and 
thus altei the position of the cell nucleus. The layers of hyaloplasm separating 
the gianulai plasm from the cell walls and the internal sap cavities do not, m all 
cases, take pait m any of these cnculatoiy movements 

When the protoplasm is m rotation, the cell nucleus and chromatophores aie 
usually earned along by the current, yet there may be an outer layer of granular 
plasm which lemams motionless and retains the chromatophores This is the case 
with the Stonewoits ( Chaiaccae ), whose long internodal cells, especially m the 
genus Kitella, afford good examples of well-maiked rotation 


Active cytoplasm is a viscous substance. Deprived of its com- 
ponent water it becomes hard and tenacious, and, 
without losing its vitality, it ceases to perform any 
of its vital functions until again awakened into 
activity by a fresh supply of water In case of a 
scarcity of water the plasmodia of the Myxomy- 
cetes may form &clerotia, that is, masses of rest- 
ing protoplasm of an almost wax-like consistency. 

Months and indeed sometimes years afterwards, it 
is possible from such sclerotia, if water be properly 
supplied, to again produce motile plasmodia. Simi- 
larly, m seeds kept for a long time, the proto- 
plasm consolidates into a hard mass, which may 
be easily cut with a knife, while the nuclei will 
be found to have shrunk and lost their original 
shape Nevertheless the protoplasts, after ab- 
sorbing water, may return again to a condition of 
activity 

Protoplasm is not a simple substance chemically ; 
it consists rather of different components, which 
are subject to continual change and in a state 
o£» mutual reaction. Treated as a uniform mass, 
protoplasm always gives a proteid reaction , when 
incinerated, fumes of ammonia are given off 


Active protoplasm geneially gives an alkaline, and, 


Fig. 53 — Cell fiom a 
htammal hair of Tia- 
tlcsiantia wynnea, 
showing nucleus sus- 
pended by protoplas- 
mic strands (x 240 ) 


under certain conditions, a neutral reaction, but never 

an acid one. The protoplasm of the higher plants coagulates at a tempera- 
tuio not much ovei 50° C , m the Schizophytes, however, usually not below 
75° C In a state of inactivity, as m spores and seeds, it can endure a still 
higher temperature without coagulating , when coagulation has jonce taken 
place, death ensues. The spores of many Bacteria can withstand a tempeia- 
ture as high as 105° C Treated with alcohol or ether, or with acids of definite 
concentrations, with bichromates of the alkali metals, or with corrosive sub- 
limate, protoplasm quickly coagulates, while at the same time insoluble proteid 
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compounds are formed. Coagulating leagents, accordingly, play an uiipoitant part 
in microscopic technique , of especial value aie such which, while living and 
hardening the piotoplasm, change its structure in the least degree As a living 
and hardening leagent for vegetable tissues, alcohol is partieulaily seiviceuble . 
under certain conditions, sublimate alcohol, or 1 to 2 per cent fonuuhleliy de 
For animal cells and for the lower plants, 1 pei cent chromic acid, 1 per tent 
acetic acid, 0 5 to 1 per cent osnuc acid, concentrated picuc acid, oi i on espt aiding 
mixtures of these acids, and also formaldeliy T de, arc used foi the same pin pose. 
Iodine stains protoplasm biowmsh yellow , lutiie acid, followed by eaustn* potash, 
yellowish brown ; sulphuric acid, if sugar be piesent, rose iid Acid nitrate ol 
meieury (Millon’s reagent) gives to protoplasm a biiek-red coloiu Treated with 
copper sulphate, followed by caustic potash, protoplasm is colon) ed violet , with 
an aqueous oi alcoholic solution of alloxan, red Aromatic aldehydes m the 
piesence of a reagent for effecting condensation, such as sulphuric or hydioehlone 
acid, and an oxidising substance oi a higher chloride, also pmluee m protoplasm 
characteristic coloui reactions, thus, benzaldehyde gives a blue-gi ecu to blue, 
piperonal, a violet-blue , vanillin, a violet or violet-blue leaction Protoplasm is 
soluble in dilute caustic potash and also m can de Javelle tpotassium-liy p<>- 
clilonte), and accordingly both of these reagents may be recommended foi clearing 
specimens, when the cell contents is not to be investigated All ot the above- 
mentioned reagents kill protoplasm , until they have done so, their i h.uai teristn 
reactions aie not manifested. In their gi eater oi less lesistaiieu to the action ot 
solvents, in the degree of their sensitiveness to reagents, and m the mteusitv ot the 
leactions, the various constituents of protoplasm, cytoplasm, nucleus, eentrnspheics, 
and chromatophoi es differ from one another, and thus a means ol detoi mining 
their component substances is afforded Accordingly a large number of albuminous 
bodies or albuminates have been named which are said to enter into the composi- 
tion of living protoplasm It is woi thy of note that these compounds, although 
still for the most pait not fully deteimined, all contain phosplionis Sin h as an 
peculiar to the nucleus have been comprehended under the - term M cu'iv. Stain- 
ing reagents have also become an important help to microscopic investigations toi 
determining the composition of protoplasm. This is due to the tact that the 
different constituents of piotoplasm take up and retain the stain with different 
degrees of intensity and eneigy As a geueuil lule, only coagulated piotoplasm 
can absorb colouring matter, although some few aniline stains can, to a limited 
extent, permeate living protoplasts. For staining vegetable protoplasts, which 
have been previously hardened, the vanous carmines, li.eni.it ovy l in, iodine gieen, 
acid fuchsin, eo&m, methylene blue, and aniline blue, have been found partieulaily 
convenient. The different components ot the protoplasm absorb the stams wot It 
different intensities, • and, when reagents are employed to remove the colour mg 
matters, they exhibit differences in their power to ictdin them. The nucleus 
generally becomes more intensely coloured than the rest oi the piotoplasm, 
especially a part of its substance, which is therefore called (Jhkomu'IN*. The 
chromatin, moreover, is not affected by ga&tue juices noi by solutions of pepsin 
containing hydrochloric acid, although both cytoplasm and chromatophores are 
at once digested by them On the other hand, with a tiypsin solution, chromatin 
is quickly dissolved In addition to those substances, which are to be regarded 
as integral parts of active protoplasm, it always includes derivative products of 
albuminates, particularly amides, as asparagm, glutannu ; also ferments, as 
diastase, pepsin, mvertm ; at times alkaloids, and always carbohydrates and fats. 
The ash left after incineration also shows that protoplasm always contains mineral 
matter, even if only m small quantities. All substances which, as such, do not 
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enter directly into tlie composition of protoplasm, but are only included -within it, 
are designated by the teini Metaplasm. 

The Cytoplasm. — In describing the cytoplasm of the plasmodia of 
the Myxomycetes and of the walled protoplasts of vegetable cells, 
mention has been made of a hyaline fundamental substance, the 
hyaloplasm, which forms a superficial layer on the surface of the cyto- 
plasm entirely free from granules, while in the interior, as granular 
plasm, it includes granular matter. The cytoplasm was likewise 
shown to be a viscous substance, m which internal streaming move- 
ments of the particles take place, while at the same time its superficial 
layer of hyaloplasm remains unchanged. In accordance with its 
viscous fluid character, cytoplasm possesses certain physical peculi- 
arities. If cells full of protoplasm be opened under water, the out- 
flowing cytoplasm assumes the form of a drop. 

The cytoplasm in the cells of many Algae has a structure resembling 
that of foam, while in the higher plants it is no less distinctly fibrillar 
in structure, and composed of protoplasmic threads. In both cases 
the chambers or spaces enclosed by the foam-like or thread-like 
cytoplasm are filled with solutions of various substances. All the 
granular inclusions lie in the cytoplasm, either in the walls of the 
cytoplasmic chambers or in the cytoplasmic threads. 

The small granules which are never absent from the granular 
plasm, and give to it its name, are called MICROSOMES. As they show 
different chemical reactions, it is inferred that they have also different 
chemical organisations Sometimes they appear to be vesicles filled 
with liquid, and are then termed physodes. In the cells of many 
Algae such vesicles attain a considerable size, and undergo modifica- 
tions of their shapes. 

Large vesicles or vacuoles filled with watery solutions are found 
in the cytoplasm The cytoplasm separates itself from such vacuoles 
by means of a protoplasmic membrane or pellicle of hyaloplasm 
The sap cavities in the cells of the more highly organised plants are, 
m this sense, merely large vacuoles The protoplasmic membranes 
which surround the vacuoles are particularly tenacious of life , thus 
after the other cytoplasm of a cell has been killed with a 10 per cent 
solution of saltpetre, the walls of the vacuoles will still continue 
living. As the pressure of the cell sap is controlled by these living 
vacuolar membranes, H. de Vries has given them the name TONO- 
plasts Through the division of the cytoplasm its tonoplasts may 
become bisected, and m this way multiply. On the other hand, a 
single large vacuole may result from the fusion of several smaller 
ones. It has also been demonstrated by Peefper that new pellicular 
membranes may be formed around liquid substances in the cytoplasm. 

The Cell Nueleus. — The nucleus is in all cases fibrillar in struc- 
ture. It appears to be made up of threads twisted together and 
forming an anastomosing network (Fig 54-), which, however, in 
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Fig 54. — Quiescent nucleus from 
the de\ eloping endosperm of 
Fritillcn ict imperial 16 , hard- 
ened 'with alcohol and stained 
with safranm. l } Limn, ch, 
chromatin , n 9 nucleolus ; w, 
nuclear membrane , c, cen- 
trospheres (Somewhat dia 
grammatic, x 1000 ) 


living objects can only be distinguished by the punctated appearance it 
gives to the nucleus Streaming movements do not take place within 

the nucleus An insight into the nuclear 
structure is only to be attained with the help 
of properly fixed and stained prepaiations It 
is then possible to determine that the greater 
part of this nuclear network is composed of 
delicate and, for the mo^t part, unstained 
threads, in which he deeply stained granules 
The substance of the threads has been distin- 
guished as LININ (/), that of the granules as 
chromatin (ch). One or more large nuclear 
bodies, or nucleoli (//), occur at the inter- 
sections of some of the limit tin ends which, 
although deeply stained, ha\e not taken the 
same tint as the chromatin granules The 
network of the nucleus lies within the 
NUCLEAR CAVITY, which is filled wit h nuclear 
sap and surrounded by a membrane (//•). 
Although this is generally spoken of as the 
nuclear membrane, strictly speaking it is a part of the surrounding 
cytoplasm, and is the protoplasmic layer or pellicle with which the 
cytoplasm separates itself from the nuclear cavity 

The Centrospheres. — The existence of these bodies, now mm crsally 
acknowledged in animal cells, is generally ad- 
mitted in the case of all vegetable cells, although 
their demonstration has not, in all cases, been 
successful. They form, as GuiGNAliD in parti- 
cular has shown, two small homogeneous spheres 
lying near the nucleus and embedded m the 
cytoplasm. Each centrosphere has m its centre 
a body termed the centrosome (r, Figs. 50, a 4), 
composed of one or more small granules As 
the successful fixing and staining of the centre- 
spheres in vegetable cells require extreme care, 
their detection m the granular cytoplasm is 
rendered difficult 

The Chromatophores — In the embryonic 
fcells of growing points, where the chromatophores 
(Fig 50, ch) are principally located around the 
nucleus, they first ap_pear as small, colourless, 
jiighly^refracti ve_ bodies , and in the embryonic 
cells of ovules they "have a similar appear- 
ance. They may retain the same appearance m 
older cells (Fig 104, A , l ), but in them they also attain a further 
development Chloroplasts, leucoplasts, or ohrohuplakix may 
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be developed from a similar original substance ; they are all included 
in the one term, CHROMATOPHOR.es. 

In parts of plants which are exposed to the light the chromato- 
phores usually develop into chlorophyll bodies or chloroplasts. These 
are generally green granules of a somewhat flattened ellipsoidal shape 
(Fig. 55), and are scattered, in great numbers, in the parietal cytoplasm 
of the cells. All the chloroplasts in the Cormophytes and, for the most 
part also, in the green Thallophytes present this same granular form. 
In the lower Algae, however, the chlorophyll bodies may assume a 
band-like (Fig 235), stellate or tabular shape. The fundamental 
substance of the chlorophyll bodies is itself colourless, but contains 
numerous coloured drops, which are termed grana. These consist 
of an oleaginous substance, which holds various pigments m solution , 
a green, known as chlorophyll or chlorophyll-green; a yellow, called 
xanthophyll ; and a reddish orange, termed carotin. These colouring 
substances may be extracted by means of alcohol, leaving only the 
colourless plasmic substance of the chlorophyll body remaining. 

The easiest way m which a solution of chlorophyll can be piepared, is to extract 
the chlorophyll by means of alcohol from green leaves that have been previously 
boiled m water. The green chlorophyll pigment is also soluble m ether, fatty 
and etheieal oils, paraffine, petroleum, and carbon disulphide The alcoholic 
solutions appear gieen in tiansmitted light, blood red m reflected light, on 
account of fluorescence 

II a ray of sunlight be made to pass thiough a tolerably thick layei of an 
alcoholic solution of chlorophyll, and then decomposed by a pi ism, the resulting 



Fig 56 — Spectrum ot an alcoholic solution ot chlorophyll e\tiaeted fiom foliage lea\es (After 
Kraus ) The absorption bands m the less refractive pait of the spec ti urn (IJ-E) are gneu by a 
concentrated solution, those m the more highly refractne part of the spectrum by a dilute 
solution 

spectium will show seven absorption bands (Fig 56) The darkest band extends 
from Fuaitnhofeii’s line, £, to some distance beyond the line C The other bands 
aie not so intense - one lies between 0 and D , another near £>, and one near i?, 
w bile the other three bands are broader and covei almost the whole blue half of 
the spectrum 

If benzole be added to an alcoholic solution of chlorophyll, prepared as directed 
above, and the mixture, aftei being well shaken, is allowed to settle, the benzole 
will be found to have taken up the chlorophyll pigment and the caiotm, while the 
xanthophyll will be left m the alcohol, and will collect, as a yellow solution, in a 
layer below the green benzole The amount of chlorophyll m a green plant is 
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multinuclear cells are by no means infrequent In the Fungi, and in 
the Siphoneae among the Algae, they are the rule The whole plant is 

thus composed either of but one single multi- 
nuclear cell, which may be extensively branched 
(Fig. 250), or it may consist of a large 
number of multinuclear cells, forming together 
one organism. Thus, after suitable treatment, 
several nuclei may be detected m the peri- 
pheral cytoplasm m the cells of the common 
filamentous fresh-water Alga Cladophoui t/lome- 
fata (Fig. 6, p. 12) (Fig. 60). 

The nuclei of the long, multinuclear cells 
(Fig 61, n) of fungoid filaments, or iiyph.e, 
and also of many Siphoned? , are characterised 
by their diminutive size. 

The Origin of the Living Elements of 
Protoplasm. — Every nucleus in an organism 
owes its origin to the nucleus of the germ 
cell (egg or spore) ; the nuclei of the germ 
cells are descended from the nuclei of previous 
lacent ceils m a iiypha from generations The spontaneous formation of a 
the stalk of a Mushroom, nucleus never takes place. Ill the same 
NU ' manner ’ the cytoplasm of every organism is 
derived from the cytoplasm of the germ cell, 
and, so far as is yet known, both centrospheres and chromatophores 
take their origin, each only from its own kind 

Nuclear Division — Except m a few limited cases, nuclei reproduce 
themselves by mitotic or indirect division This process, often 
referred to as KARYOKINESIS, is somewhat complicated, but seems 
necessary in order to effect an equal division of the substance of the 
mother nucleus between the two new daughter nuclei In its principal 



Fig G1 — Portions of tvv o ad- 


features the process is similar in plants and animals. 

In vegetable cells, the threads composing the nuclear network (p 
56) first become thicker and correspondingly shorter (Fig 62, 1), 
the anastomosing connections forming the meshes are drawn in, wfiile 
the thread itself straightens out and becomes less entangled, and 
in consequence more easily distinguished At the same time the 
amount of the chromatin increases, and this increases its capacity of 
absorbing stains Finally, the chromatin substance in the thread 
becomes arranged in parallel discs {A) united by linin. The thread 
itself then divides transversely into a definite number of segments, 
the chromosomes (2, 3), which thereupon range themselves m a 
plane in a special manner, and form the so-called nuclear plate 
(3) Then, or sometimes before, the segments divide longitudinally 
(4, JB, C), and the halves thus produced separate (s) from each other 
in opposite directions to form the daughter nuclei 



SECT I 


MORPHOLOGY 


61 


In the meantime other definite processes have been taking place , 
while the thread of the nuclear network has been shortening and dis- 
entangling, the two centrospheres (1, c ), previously lying together close 
to the nuclear membrane, have separated and taken up a position 
opposite each other (2, c ). They constitute the poles of the division 
figure. Beginning at these two points, the nuclear membiane dis- 
appears, and the nucleoli also become more or less completely 
dissolved, influenced m all probability by the centrospheres. Spindle 



Fig G2 — Successive stages m nuclear and cell division c, Centrosplieres 3 n, nucleolus, s, clno- 
lnohomes , sp , spindle fibies, ^4, IJ, C, chromosomes, showing longitudinal division and the 
arrangement of the cln omatin ( x oil ca GOO ) 

FIBRES then arise from protoplasmic threads found within the nuclear 
cavity, presumably with the co-operative activity of the nucleolar 
substance The spindle fibres converge towards both poles of the 
division figure, and, viewed as a whole, they have the form of a spindle. 
While some of the spindle fibres extend uninterruptedly from pole to 
pole, others become connected with the chromosomes. Through this 
arrangement of the spindle fibres, the position of the nuclear plate in 
the equatorial plane of the spindle figure is determined , while by the 
contraction of the spindle fibres m connection with the chromosomes, 
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the longitudinal halves of the chromosomes are drawn m opposite 
directions towards either pole of the division figure (3, 0, 7). In the 
process of this movement of the chromosomes towards the poles, the 
other continuous spindle fibres seem to serve as supports. Before the 
chromosomes, however, reach the poles, a division of the centiospheres 
(5), commencing with their centrosomes, takes place, so that two 
centrospheres are previously provided for each new daughter nucleus. 

In the nuclei of vegetable cells, the primary spindle blues connected with the 
chromosomes unite with the spindle fibres extending from pole to pole The number 
of these secondary spindle fibres conesponds with the number of the chromosomes. 

In forming the daughter nuclei, the free ends of the chromosomes 
first become drawn in (8), and the surrounding cytoplasm separates 
itself by means of a protoplasmic membrane (9) from the dot eloping 
nuclei. Within the nuclear cavities which are thus produced the 
chromosomes elongate (10), and joining together, end to end, become 
ag ain intertangled. The chromatin substance is diminished in quantity, 
nucleoli at length appear in the enlarging nuclei, and finally a con- 
dition of rest is again reached. 

The changes occurring m a mother nucleus pieparatoiy to dniMou <u c termed 
the PliOPBASES of the karyolanesis These changes extend to the tnrm.it ion of the 
nuclear plate, and include also the process of the longitudm.il dn won of tin* 
chromosomes. The separation of the daughter chiomosomes is accomplished m tin* 
metaphases, and the formation of the daughter nuclei in the \a veil \si s ot tin* 
karyokmesis. The real purpose of the whole process is consummated m the 
quantitative and qualitative division of the chiomosomes, resulting from their 
longitudinal segmentation (4, B, 0). The anaphases ot the kaiyokmesis ale but a 
reverse repetition of the piopliases Exceptions to the pioeess.is here described, 
aie not of special importance, and need not be discussed 

In addition to the mitotic or indirect nuclear division there is 
also a direct or amitotic division, sometimes called Fragmenta- 
tion (Fig 63). It usually occurs in old cells, or in cells in which the 
cell contents become disorganised shortly after the nuclear division 

Instructive examples of direct nuclear division are afforded by ffhe 
long mternodal cells of the Stone worts (Characear), and also by the 
old mternodal cells of Tiadescanka (Fig. 63). 

The direct nuclear division is chiefly a process of constuction 
which, however, need not result m new nuclei of equal size. In the 
case of the Stoneworts, after a remarkable increase m the size of the 
nucleus, several successive rapid divisions take place, so that a con- 
tinuous row of bead-like nuclei results. The old mternodal cells of 
Tmclescantia (Fig. 63) very frequently show half-constricted nuclei of 
irregular shape While in uninuclear cells indirect nuclear division is, 
as a rule, followed by cell division, this is not the case after direct 
nuclear division. 
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Cell Division. — In the uninuclear cells of the C'ormophytes, cell 
division and nuclear division are, generally, closely associated as parts 
of one and the same act The spindle fibres extending from pole to 
pole persist as connecting fibres be- 
tween the developing daughter nuclei 
(Fig. 62, 6, 7). The number of the 
connecting fibres is increased by the in- 
terposition of others in the equatorial 
plane. In consequence of this a barrel- 
shaped figure is formed, which either 
separates entirely from the developing 
daughter nuclei, or remains in connection 
with them by means of a peripheral 
sheath, the connecting utricle. The 
first is the case in cells rich m cyto- 
plasm, the latter when the cells are more 
abundantly supplied with cell sap. At 
the same time the connecting fibres 
become granularly thickened (8, 9) at 
the equatorial plane, and form what is 
known as the cell plate. In the case 
of cells rich m protoplasm or small m 
diameter, the connecting fibres become FlG bS — old cells froiu the " tem of 
more and more extended, and touch the process' of'Set S 

cell wall at all points of the equatorial (x;«) 
plane (10). The granular elements of the 

cell plate then unite and form a partition wall, which thus SIMUL- 
TANEOUSLY divides the mother cell into two daughter cells (10) If, 

however, the mother cell has a large 
sap cavity, the connecting utricle 
cannot at once become so extended, 
and the partition wall is then formed 
successively (Fig. 64). In that 
case, the partition wall first com- 
mences to form at the point where 
the utricle is m contact with the 
side walls of the mother cell (Fig. 
64, A). The protoplasm then de- 
stages rn the dn^onofa t hes ltself from the part of the new 
Epcpacti) pal ust i is (After f - 

wall m contact with the wall of the 
mother cell, and moves gradually 
across until the septum is completed (Fig. 64, B and C) ; the new 
wall is thus built up by successive additions from the protoplasm. 

In the Thallophytes, even in the case of uninuclear cells, the parti- 
tion wall is not formed within connecting fibres, but arises either 
simultaneously from a previously formed cytoplasmic plate, or sue- 



Fig (34 — Three 
living cell of 
Treub, x 365 ) 
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cessively, by means of diaphragm-like projections from the wall of the 
mother cell. It was a division process of this kind (Figs. 65, 66), 
first investigated m fresh-water Algae, that gave rise to the conception 
of cell division, which for a long time prevailed m both animal and 
vegetable Histology. In this form of cell division the new wall com- 
mences as a ring-like projection from the inside of the wall of the 
mother cell, and gradually pushing further into the cell, finally extends 
completely across it (Figs. 65, 66). In a division of this sort, m 
uninuclear cells, nuclear division precedes cell division, and the new 
wall is formed midway between the daughter nuclei (Fig 65). In 
the multmuclear cells of the Thallophytes, on the other hand, although 
the nuclear division does not differ from that of uninuclear cells, cell 
division (Fig 66) is altogether independent of nuclear division And 
in multinuclear, unicellular Thallophytes, nuclear division is not fol- 



Fig Go — Cell of Spirogyia m division n, 
One of the daughter nuclei , id, developing 
paititiun wall , ch 3 chlorophyll band, 
pushed mwaid by the newly-foimmg wall 
( X 230 ) 





Fig GO — Poitiou of ,i dniding ctll of 
ClcttlojiJiota ft artif w, Newly- Ionium* 
paititiun wall , ch, ii itoi copied cluomato- 
phote , A, nuclei (x i>no ) 


lowed by a cell division. The interdependence of nuclear and cell 
division in uninuclear cells is necessary to ensure a nucleus to each 
daughter cell In multinuclear cells it is not essential that cell 
division should always be accompanied by nuclear division, as in any 
case sufficient nuclei will be left to each daughter cell 

Free Nuelear Division and Multicellular Formation. — The nuclear 
division m the multinuclear cells of the Thallophytes may serve as an 
example of free nuclear division, that is, of nuclear division unaccom- 
panied by cell division. In plants with typical uninuclear cells, 
examples of free nuclear division also occur ) although, in that case, 
the nuclear division is customarily followed by cell division. This is 
often the case m the formation of germ cells, and is due to the fact 
t iat while the nuclei increase in number this process is not accom- 
pamed by a corresponding cell division. When, however, the number 
of nuclei is completed, then the cytoplasm between the nuclei 
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divides simultaneously into as many portions as there are nuclei. In 
this process we have an example of multicellular formation. This method 
of development is especially 
instructive in the embryo-sac 
of Phanerogams, a cell, often 
of remarkable size and rapid 
growth, in which the future 
embryo is developed. The 
nucleus of the embryo -sac 
divides, the two daughter 
nuclei again divide, their 
successors repeat the pro- 
cess, and so on, until at last 
thousands of nuclei are often 
formed. No cell division 
accompanies these repeated 
nuclear divisions, but the 
nuclei lie scattered through- 
‘out the peripheral, cyto- 
plasmic lining of the em- 
bryo-sac. "When the embryo- 
sac ceases to enlarge, the 
nuclei surround themselves 
with connecting strands, PlG 6 J - p ° ltl0n p th 7 e P ei ?r h f al protoplasm of the 

, ° . 7 embryo-sac of Reseda odorata , showing the com- 

which then radiate trom mencement of multicellular formation (x 240 ) 

them in all directions (Fig. 

67). Cell-plates make their appearance in these connecting strands, 
and from them cell walls arise. In this manner the peripheral proto- 
plasm of the embryo-sac divides, simultaneously, into as many cells 
as there are nuclei. 

Vanous intermediate stages betw een simultaneous, multicellular iormation and 
successive cell division can often be observed m an embryo -sat*. "Where the 
embryo-sac is small and of slow glow th, successive cell division takes place, so that 
multicellular formation may he legal ded as but an accelerated form of successive 
cell division, induced by an extremely rapid increase in the size of the sap cavity. 

Free Cell Formation. — Cells produced by this process differ con- 
spicuously from those formed by the usual mode of cell division, in 
that the free nuclear division is followed by the formation of cells which 
have no contact with each other. This process call be seen m the 
developing embryo of the G-ymnosperms, in Ephedta, for example, and 
also in the formation of the spores of the Ascomycetes. In the case of 
Ephedra there first occurs a free division of the nucleus of the fertilised 
egg ; each daughter nucleus then divides once or twice, so that four 
or eight nuclei are ultimately produced. A rounded, cytoplasmic 
mass collects about each nucleus and surrounds itself with a cell wall 

F 
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(Fig. 68) , but the four or eight cells thus formed have no contact 
'with each other, and the cytoplasm of the mother cell is not totally 

consumed by their formation. 

Cell-Budding. — This is simply a special variety 
of ordinary cell division, in which the cell is not 
divided m the middle, but, instead, pushes out a 
protuberance which, by constriction, becomes separ- 
ated from the mother cell. This mode of cell 
multiplication is characteristic of the Yeast plant 
(Fig. 2, p. 11) ; and the spores, known as conidia, 
which are produced by numerous Fungi, have a 
similar origin (Fig. 286). 

Cell -Formation by Conjugation. — A sexual 
cell is only able to continue its development after 
fusion with another sexual cell. The two cells so 
uniting are either alike, and m that case are called 
gametes, or unlike, and are then distinguished as 
fio es— Free ceil foima- egg and spermatozoid. The spermatozoid is the 
tion m the fertilised ma i e the egg the female sexual cell. The gametes 

aititotmo (x 100 .) may be motile or non-motile (Fig. 69, B). The 
motile gametes frequently resemble the swarm- 
spores (Fig. 69, A) generated by the same parent for the purpose 
of asexual reproduction. As a rule, however, they are smaller 
than the swarm-spores, and have usually only half as many cilia. 
In the more highly specialised sexual cells the egg usually retains 
the structure of an embryonic cell, but the spermatozoid under- 
goes various changes. A cytoplasmic cell body, a nucleus, and the 
rudiments of chromatophores are always present in the egg. The 
male sexual cell (Fig. 70), on the other hand, becomes transformed, 
in the more extreme eases, into a spirally twisted body, provided with 
cilia, and exhibiting an apparently homogeneous structure. Only a 
knowledge of the history of its development, and the greatest care in 
hardening and staining, have rendered it possible to recognise the 
homology of the structure of such a spermatozoid with that of an 
embryonic cell. It has been shown that one part of its spiral bbdy 
corresponds to the cell nucleus (k), another, together with the cilia, to 
the cytoplasm (c), and the vesicle (b), at the other extremity, to the sap 
cavity of a cell. After the spermatozoids are set free from the sexual 
organs, they require water for their dispersal. They are motile, and 
are thus enabled to seek out the egg-cells, which, in most cases, await 
fertilisation within the organ in which they have been formed. 

Motile, male sexual cells occur only in the Cryptogams. In the 
Phanerogams (Fig. 71) the non-motile male cell (gs) is carried to the 
egg by the growth of the pollen tube (Fig. 71, A), in which it is 
enclosed. In the union of the two sexual cells in the act of fertilisa- 
tion, the egg nucleus (eh) and the sperm nucleus (sh) fuse and form 
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the nucleus of the fertilised egg-cell. The cytoplasm of the male 
cell also commingles with that of the female cell, but the chroma- 
tophores of the embryo are derived from the egg-cell alone. It is 



Fig 69 — A, An asexual swarm-spoie 
of Ulotlinx zonata, B, 1, a gamete ; 
2 and 3, conjugating gametes , 4, 
zygote, formed by the fusion of 
two gametes. (x 500 ) 




Fig 70— A, Spermatozoid of Chat a 
ft agihb t 1$, spei matozoid of the 
Fern Phegopte t is Giesbi echtu The 
darker portion, 7c, corresponds to 
the cell nucleus, the lighter, 
c, to the cell cytoplasm , c7, cilia , 
5, vesicle. (x 540 ) 



Fig 71. — Feitili&ation of a phanerogamic 
Angiosperni, somewhat diagrammatic 
A, End of pollen tube , m it the genera- 
tive cells <js 7 each of "which contains a 
sperm nucleus, vl, the vegetative cell 
m piocesh of dissolution 7i-D, Egg m 
successive stages of fertilisation, — J3, show- 
ing the generative cell with its spenn 
nucleus, si, penetrating the egg, G, the 
union of speim nucleus, sl 9 and egg 
nucleus, el , c, centrospheres , D t the 
germ nucleus, 7Jt, resulting fiom the 
fusion of the sperm and egg nuclei , Ui, 
mdiments of chromatopliores (x circa 
500 ) 


still uncertain whether a similar fusion of the centrospheres of the 
sexual cells also takes place. It is regarded as more probable that 
the centrospheres of the egg nucleus — more rarely those of the sperm 
nucleus — become functionless, so that the centrospheres of the fertilised 
egg are derived only from the sperm nucleus, or from the nucleus of 
the female cell. 
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The egg becomes capable of development as the result of fertilisa- 
tion, although there are exceptional cases in the organic kingdom, 
especially among the Arthropods, where an unfertilised egg may produce 
an embryo. This is called parthenogenesis. In the vegetable 
kingdom the existence of parthenogenesis in plants with advanced 
sexual differentiation has only been proved in the case of Cham crinita, 
one of the CJiaiaceae 

Multiplication of the Chromatophores. — This is accomplished by 
a direct division, as a result of which, by a pro- 
cess of constriction, a chromatophore becomes 
divided into two nearly equal halves. The 
stages of this division may best be observed in 
the chloroplasts (Fig. 72). 

^ „ Inclusions of the Protoplasm — S tarch — 

The chloroplasts in plants exposed to the light 
fio. 72 —Chlorophyll a l most always contain starch grains. These 
giams from the leaf of grains of starch found in the chloroplasts are the 
Fitnana, ometrwa, £ rs t visible products of the assimilation of m- 
of division ( x 540 ) organic matter. They are formed in large 
numbers, but as they are continually dissolving, 
always remain small. Large starch grains are found only in the 
reservoirs of reserve material, where starch is formed from the de- 



posited products of previous 
assimilation. Such starch is 
termed reserve starch, in 
contrast to the assimilation 
starch formed in the chloro- 
plasts. All starch used for 
economic purposes is reserve 
starch. The starch grams stored 
as reserve material in potatoes 
are comparatively large, attain- 
ing an average size of 0 - 09 mm 
As shown m the adjoining 
figure (Fig. 7 3), they are plainly 
stratified. Their stratification 
is due to the varying densi- 
ties of the successive layers. 
They are eccentric in structure, 
as the organic centre, about 
which the different layers are 
laid down, does not corre- 



Fig 73 — Starch giams horn a potato A, simple; 
£, half-compound; C and I ) , compound staioh 
grains, e, organic centre ol the staich giams, or 
nucleus of their foimation ( x 540 ) 


spond with the centre of the gram. The starch grains of the 
legumes and cereals, on the other hand, are concentric, and the 
nucleus of their formation is in the centre of the grain. The 
starch grains of the Bean, JPhaseolus vulgaris (Fig. 74), have the shape 
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of a flattened sphere or ellipsoid ; they show a distinct stratification, 
and are crossed by fissures radiating from the centre. The disc-shaped 
starch grains of wheat are of unequal size, and only indistinctly strati- 
fied (Fig. 65). A comparison of the accompanying figures (Figs. 72- 
75). all equally magnified, will give an idea of the varying size of 
the starch grains of different plants. The size of starch grains 
varies, in fact, from 0 002 mm to 0‘170 mm. Starch grams 0 170 
mm. large, such as those from the rhizome of Canna, may be seen 
even with the naked eye, and have the appearance of brilliant points. 
In addition to the simple starch giains so far described, half-compound 




Fig 74 — Starch 
grains from the 
cotyledons of 
Phaseolub ml - 
(jcu ib (x 540 ) 


©i0 a 

©* © 
2 
A 

Fig 75 — Starch grams of \i heat, 
T> it u uni tin I um A , Large , 

B, small gtains (X j40 ) 




Fig 76 — Starch grains of oats, 
Aiena sativa A , Compound 
grain ; B, isolated component 
giains of a compound gram 
(X 540) 



Fig 77 — Leucoplasts from an aerial tubei 
of Phajus grand if ohus. A, C, D , E , 
Viewed from the side , B, viewed fiom 
abo\e , E , leucoplast becoming green 
and changing to a chloroplast ( x 540 ) 


and compound starch grains are often found. Grains of the former 
kind are made up of two or more individual grains, surrounded by 
a zone of peripheral layers enveloping them in common. The com- 
pound grains consist merely of an aggregate of individual grams un- 
provided with any common enveloping layers. Both half-compound 
(Fig. 73, JB) and compound starch grains (Fig. 73, C, D) occur in 
potatoes, together with simple grains In oats (Fig. 7 6) and rice all 
the starch grains are compound According to Nageli, the compound 
starch grains of rice consist of from 4 to 100 single grains , those of 
Spmacm glabra sometimes of over 30,000. Starch thus formed from 
previously assimilated organic substances also requires chromatophores 
for its production. It is produced by means of leucoplastsf which ' are, 
in consequence, often termed starch-builders. If the formation of a 
starch grain should begin near the periphery of a leucoplast, the gram 
would eventually, by its continued enlargement, protrude from the 
leucoplast. As new layers of starchy matter are then deposited only 


70 


BOTANY 


PART I 


on the side remaining in contact with the plastid, the starch gram 
thus becomes eccentric (Fig. 77). Should, however, several starch 
grains commence to form at the same time in one leucoplast, they 
would become crowded together and form a compound starch grain, 
which, if additional starchy layers are laid down, gives rise to a half- 
compound gram. 

It has recently been asserted that starch grains are eiystallme bodies, so-called 
sphsentes, and are composed of fine, radially arranged, needle-shaped crystals 
(tiichites). Their stratification, according to this view, is due to variations in the 
form and numbei of the crystal needles m the successive layeis. In a few 
individual cases, Arthur Meyer has succeeded m showing that the stratification 
of the starch grains corresponds to the alternation of the peiiods of day and night, 
-i.c. to the interference which is thus caused in the nutritive processes The growth 
of starch grains is also affected by the solvent action of srn rounding substances, 
whereby the peripheral layers may be paitially removed, aud then no longer com- 
pletely envelop the entire giam. Starch giams are composed of a caiboliydrate, 
the formula of which is (CeHioOsJn Most staich grains only contain amyloid, 
one variety of which becomes liquid in the piesenee of water at a temperature 
of 100° C , and another, which, under the same conditions, does not become liquid. 
Ill addition to this amyloid many starch grains contain also amylodextrin In 
certain cases, as m Oryzct sativa var glutmosa and Sorghum nilgai c var glutinosnm , 
the starch grains consist principally of amylodextim Although starch rich in 
amyloid gives a blue l eaction with a solution of iodine, the starch rich in amylo- 
dextrin takes a red wine colour Starch grains become swollen m water at a tem- 
perature of 60° to 70° C , according to Arthur Meyer, because of the conversion 
into tenacious globules of the more readily soluble of the two amyloids ; at 138° C. 
starch giams become completely dissolved Starch sw 7 ells very readily at oidmary 
temperatures in. solutions of potassium, or sodium hydrate Heated w ltliout addi- 
tion of water, i.c. roasted, starch becomes transformed into dextrin, and is then 
soluble in water and correspondingly more digestible. That starch grains give a 
dark cross in polarised light is due to the double refraction of the component 
crystalline elements 

The amount of starch contained m reservoirs of leserve mateiial is often con- 
siderable ; in the case of potatoes 25 per cent of their whole weight is reserve 
starch, and m wheat the pioportion of starch is as high as 70 per cent The starch 
flour of economic use is derived by washing out the staich from such reservoirs of 
reserve starch. In the preparation of ordinaiy flour, on the contrary, the tissues 
containing the staich are retained m the process of milling. 

Aleurone. — Aleurone or protein grains (gluten) are produced 
in the seeds of numerous plants, especially m those containing oil 
They are formed from vacuoles, the contents of which are rich in 
albumen, and harden into round grains or, sometimes, into irregular 
bodies of indefinite shape. A portion of the albumen often crystal- 
lises, so that frequently one and occasionally several crystals are 
formed within one aleurone gram In aleurone grains containing 
albumen .crystals there may often be found globular bodies, termed 
globoids, which, according to Pfeffer, consist of a double phosphate 
of magnesium and calcium in combination with some organic substances. 
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Crystals of calcium oxalate are also found enclosed in the aleurone 
grains. 




The seeds of Jfacmus (Fig 78) furnish good examples of aleurone grains with 
enclosed albumen crystals and glo- 
boids. The aleurone grains them- A R 

selves lie embedded in a cytoplasm 
that is rich m oil. In the cereals 

the aleurone grains which lie only in HW&J 

the outer cell layer of the seeds & 

(Fig. 79, al) are small, and free from 

all inclusions ; they contain neither . | 

crystals nor globoids. As the outer 

cells of wheat 'grams contain only 

aleurone, and the inner almost ex- *■ 

clusively starch, it follows that flour Fig. 78 . — A, Cell from the endosperm of Biciwus 
is the richer or poorer m albumen, communis, in water ; B, isolated aleuione grains 
the more or less completely this outer £ 011 ■ l ’ albumen crystals : g ’ sub- 

layer has been removed before the 

wheat is giound. From the mnei layers finer and white! flour can be made ; 
while more nourishing floui is obtained from the outer layei s 

Reactions for aleuione are the same as those already mentioned for the albuminous 

substance of protoplasm Treat- 

^ ^ ment of a cross-section of a grain 

- — ^ ^ ^ c=s>. Jr^ ) of wheat (Fig 79) with a solution 

< Q ttnX. \P of i odin e would give the aleurone 

' . jv 1 / layer a yellow-brown colour, while 

the stai ch layers would be coloured 

7 Albumen Crystals. — Crystals 

of this nature are especially fre- 
quent m aleurone grains (Fig 78). 
They have pieviously been men- 
tioned as oecurnng m the chroma- 
® tophores. In the illustration of 
the leucoplasts of Phajus grandi- 
folius (Fig 77), the rod-shaped 
crystals are represented as light 
stripes (in. B and E) In the 
F» n -Pm of. ..chon Of . Of Algao the angular, strongly 

Wigan p, Pericarp , t, seed coat, loteinal to whicli bo(ll8a m the 

is the endosperm , al, aleuione grams , cm, starch cllloroplasts and surrounded by a 
giains, n, cell nucleus (x 240 ) ring of starch granules are albu- 

men crystals A good example 
of these bodies, known as pyrenoids oi amylum centres, may be seen in 
the green bands of Spzrogyra (Fig 235). Albumen crystals may also occur di- 
rectly in the cytoplasm , as, for instance, m the cells poor in starch, in the peri- 
pheral layers of potatoes. Albumen crystals are sometimes found even in the 
cell nucleus. This is particularly the case m the Toothwort ( Lathraect 
squaonaria). Albumen crystals usually belong either to the regular or to the 
hexagonal crystal system. They differ from other crystals in that, like dead 
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albuminous substances, they may be stained, and also in that they aie capable of 
swelling by imbibition. Subjected to the action of watei or a dilute solution oi 
caustic potash, they at first increase m size without losing tlieir crystalline 
outline. 


Crystals of Calcium Oxalate. — Few plants are devoid of such 
crystals. They are formed in the cytoplasm, within vacuoles which 
afterwards enlarge and sometimes almost fill the whole cell. In such 
cases the other components of the cell become greatly reduced; the cell 
walls at the same time are often converted into cork, and the whole 
cell becomes merely a repository for the crystal. The crystals may be 
developed singly in a cell, in which case they belong either to the 
tetragonal or monosymmetrical crystal system ; or, as is more frequently 
the case, they form crystal aggregates, clusters of crystals radiat- 
ing in all directions from a common centre. In the Liliaceae, 0/ chidaceae, 
and other Monocotyledons, compact bundles of needle-shaped crystals of 
calcium oxalate, the so-called raphides, are especially frequent (Fig. 80 ) 

Such crystal bundles are always enclosed m a 
large vacuole filled with a mucilaginous sub- 
stance. The degree of concentration of the 
mother liquor from which the crystals have 
separated, determines, according to Kny, their 
crystal form, whether tetragonal or monoclmic 

Siliceous bodies, wlucli are only soluble m hydro- 
fluoric acid, are often found in the cytoplasm of many 
cells, especially of Palms and Orchids, and oitcn com- 
pletely fill the whole cellulai space 

Tannin. — Highly refractive vacuoles filled 
with a concentrated solution of tannin are 
of frequent occurrence in the cytoplasm of 
cortical cells, and may often grow to a con- 
siderable size. 

The daik-blue or green colour reaction obtained on 
treatment with a solution ot feme chloride or feme 
sulphate, and the l eddish-brou n precipitate foimed w i*h 
an aqueous solution of potassium bichromate, are usually 
accepted as tests for the recognition of tannin, although 
equally applicable for a whole group of similar sub- 
stances 

Fats and Oils in plants are mixtures of 
of Duieacna lubia, ailed fatty acid esters. Frequently, as in species of 
with mucilaginous matter Allium and Aloe, a fatty oil appears in the 

of rapindes, t (xico) old chlorophyll grams. The occurrence of 

castor oil in the form of highly refractive drops 
in the cytoplasm of the aleurone-containing cells m the endosperm of 
the castor-oil seeds, has already been referred to. Oil usually occurs in 



Fig SO — Cellfiom the cortex 
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this form. But fatty substances may also appear in the cytoplasm as 
irregularly-shaped, more or less soft grains, as for example in the 
vegetable butters and in the 'wax of various seeds; they may even 
be crystalline, as in the needle-like crystals of Para-nuts ( [Bertholletia 
exxelsa) and of Nutmeg ( Myristica fragraus). 

Glycogen. — Tins substance, 1 elated to sugar and starch, and of fiequent occur- 
lence m animal tissues, fulfils, according to Errera, the same functions m the 
Fungi as sugar and starch in the higher plants Cytoplasm containing glycogen 
is coloured a reddish-brown with a solution of iodine This colour almost wholly 
disappears if the preparation be wanned, but reappears on cooling 

Ethereal Oils and Eesins. — In most cases the strongly refractive 
drops found dispersed throughout cytoplasm are globules of some 
ethereal oil. It is the presence of such oils in the petals of many 
flowers that give to them their agreeable perfume. Under certain 
conditions the oil globules may become crystallised. This occurs, for 
example, in Bose petals. Secretions from surrounding cells are often 
deposited in special receptacles in which, through oxidisation, camphor 
or resin is formed 

Special cells of this kind, with coiky walls and filled with resin or ethereal 
oils, aie found m the rhizomes of certain plants, as for instance m those of 
Calamus {Acot us Calamus) and of Ginger {Zingiber officinale), also in the bark, 
as, for example, of Cinnamon tiees (Cmnamomum) , in the leaves, as in the Sweet 
Bay {Lauras nobilis) , m the pencaip and seed of the Pepper {Piper nigrum) , 
in the pericarp of Anise seeds {Illicium anisatum) 

Mucilaginous Matter is often found as a part of the cell contents 
m the cells of bulbs, as in Allium Cepa and Scilla mantima , in the 
tubers of Orchids, also in aerial organs, especially m the leaves of 
Succulents, which, living in dry places, are thus enabled to maintain 
their water-supply by means of their mucilaginous cells 

Caoutchouc and Gutta-percha. — These substances are found in 
a number of plants belonging to different groups, in particular in the 
Urhcaceae, Euphoi biaceae, and Scipotuceae. They occur in the so-called 
milk sap of special cells in the form of small, dense globules, which, 
suspended in the watery cytoplasm, give it its milky appearance. 

Sulphur — As being of unusual ocourience, mention should be made of the 
pi esence of sulphur m the foim of small lefractive giams m the protoplasm of 
certain Bacteria, the Beggiatoae These Bactena live m water containing much 
organic matter, and, accoidmg to Winogradsky, obtain their sulphur fiom 
sulphuietted hydrogen In fulfilling its function m the Bacteria the sulphur 
becomes oxidised into sulphunc acid 

The Cell Sap. — Under this term is included especially the fluid 
which in old cells fills the inner sap cavity It is generally watery 
and clearer than the fluid contained m the smaller vacuoles of the 
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cytoplasm. No sharp distinction can, however, be drawn between 
the sap cavity and vacuoles, and, moreover, a number of such vacuoles 
may take the place of the sap cavity itself. The cell sap usually 
gives an acid reaction, though in water-plants, according to Tschirch, 
this reaction is often uncertain. The substances held in solution by 
the cell sap are very various. The soluble carbohydrates, in parti- 
cular the sugars, cane sugar, the glucoses, and especially grape sugar, 
frequently occur in the cell sap The glucoses may be recognised by 
their reducing properties. 

If preparations containing glucose be placed m a solution of copper sulphate, 
and, aftei be in g -washed out, are transferred to a solution of caustic potash and 
heated to boiling, they will give a brick-red precipitate of cuprous oxide. If cane 
sugar or saccharose he present, this same treatment gives only a blue colour to 
the cell sap. 

Carbohydrates are transported in a plant principally in the form of 
glucose ; cane sugar, on the contrary, is stored up as reserve material ; as 
for example, in the sugar-beet, in the stems of sugar-cane, and in other 
plants from which the sugar of economic use is derived. 

Inulin, a carbohydrate m solution in cell sap, takes the place of 
starch in many orders of plants, as, for example, m the Comjiositae 

Treated with alcohol, mulm is precipitated in tlie form of small granules, w Inch 
may be redissolved in hot water. When portions of plants containing much 
mulm, such as the root tubers of Dahlia variabihs, are placed in alcohol 01 dilute 
glycenne, the inulin crystallises out and forms sphsentes, spheioidal bodies com- 
posed of radiating crystal needles ai ranged in concentric layeis 

Asparagin is also generally present in the cell sap. 

There are frequently found dissolved m the cell sap r.vXNiNs, alk vlqid.s, 
and gltjcosides, such as eoniferin, hesperidm, amygdalm, solanm, aeseulin, 
saponm, and also bitter principles related to tlie glucosides. It is also often 
possible to detect m the cell sap one of the benzole gionp, phloroglucm, which, in 
the presence of hydrochloric acid, stains lignified cell Avails a violet colour. Organic 
acids are also of frequent occurrence in the cell sap , thus, malic acid is usually 
present in the leaves of the succulents. For the most part, these organic acids 
unite with bases, and the salts which are formed often crystallise. Of acid salts, 
which, are less frequent than free acids, the binoxalate of potassium fonncl m 
Field Sorrel {Rumex) and Wood Sorrel ( Oxahs ) deserves special mention. 

The cell sap is often coloured, principally by the so-called antho- 
OYANIN. This is blue in an alkaline, and red in an acid reacting cell 
sap, and, under certain conditions, also dark red, violet, dark-blue, and 
even black. Blood-coloured leaves, such as those of the Purple Beech, 
owe their characteristic appearance to the united presence of green 
chlorophyll and anthocyanin The different colours of flowers are due 
to the varying colour of the cell sap, to the different distribution of the 
cells containing the coloured cell sap, and also to the different combina- 
tions of dissolved colouring matter with the yellow, yellowish red, or 
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red chromoplasts and the green chloroplasts. There is occasionally 
found in the cell sap a yellow colouring matter known as xanthin , 
it is nearly related to xanthophyll, hut soluble in water. The cell 
sap also contains inorganic salts in solution, particularly nitrates, 
sulphates, and phosphates. 

The Cell Wall. — At the growing points of plants the cells are 
separated from one another only by extremely thin membranes or cell 
walls. The rapid growth in length which sets in a short distance from 
the growing point, as a result of the increase in the size of the cells, 
must be accompanied by a corresponding GROWTH IN SURFACE of the 



w 


Fig SI — Strongly thickened cell 
from the pith of Clematis vitctlba 
on, Middle lamella , intercel- 
lular space , t , pit , w , pitted 
transverse cell wall (x300 ) 


Fig 82 — Part of a sclerenchy- 
matous fibre from Vinca 
major. The stnations of 
the outer layers are inoie 
apparent than those of 
the inner layers The 
walls, as seen in optical 
section, aie also shown 
(X 500 ) 


cell walls. So long as this growth in surface continues, the cell walls 
remain thin. After the cells have attained their ultimate size, the 
GROWTH IN thickness of the cell walls then begins. Such thickened 
cell walls are not, in most cases, homogeneous, but exhibit a stratified 
appearance (Fig. 81), owing to the different refractive power of the 
thickening layers. Treated with caustic potash, these different layers 
appear as if composed of still thinner lamellae. In many cases the thick- 
ening layers exhibit delicate striations in surface view. The striations 
extend through the whole thickness of the layers, usually running 
obliquely to the long axis of the cell, and often crossing one another 
in the different thickening layers (Fig. 82). 

In a much-thickened cell wall, owing to chemical and optical 
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differences, there can frequently he distinguished three distinct layers 
— a primary, a secondary, and a tertiary thickening layer. These 
layers are deposited on the primary cell wall, which, in the case of 
cells arising from cell division, is represented by the newly-formed 
partition wall. The secondary thickening layer is usually the most 
strongly developed, and forms the chief part of the cell wall The 
tertiary or inner layer is thinner and more highly refractive. In 
special cases, but only in the formation of reproductive cells, an inner 
thickening layer, completely detached from the others, is produced, 
as in the formation of pollen grains and spores, which, enclosed only 


m 





Fig S3 — From the wood of the Pme, Pm us sylicstn s 
A, Bordered pit, m surface view , B, boi tiered pit in 
tangential section, t , torus, C, trans\eise section of 
a tiacheid , wi, middle lamella, with gusset, , 
/, inner peripheral layer (x 540.) 


Fig S4 — Cells fiom the enclo- 
speun of th'mthwfiihmi inn - 
bi'lhitum m, Pits m siulaco 
\ie\v , )>, closing membrane , 
n, nucleus ( x 240 ) 


by this inner membrane, finally become freed from the older thickening 
layer. This process is often alluded to as Kejuvenescence , m such 
cases, it should be noted, there are, in reality, no new cells formed. 

The thickening of the cell wall seldom takes place uniformly over 
the whole surface , but some portions are thickened, while, at other 
points, the original or primary cell wall remains unchanged In this 
way pores are formed which penetrate the thickening layers. These 
pores or pits may be either circular (Fig. 84), elliptical, or elongated. 
The pits in adjoining cells converge, and would form one continuous 
canal, were it not that the unthickened primary cell wall persists as a 
closing membrane between two converging pits. As a result of 
the continued thickening of the cell wall, the canals of several pits 
often unite, and so branched pits are formed. Such branched pits 
have usually very narrow canals, and occur for the most part only 
m extremely thick and hard cell walls, as, for instance, in those of 
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the so-called sclerotic cells or sclereides. Simple pits may, on the other 
hand, expand on approaching the primary cell Trail. 

The structures known as bordered pits (Fig. S3) are but a special 
form of such expanded simple pits. In bordered pits the closing 
membrane is thickened at the centre to form a torus (Fig 83, C ). 



Fig $5 — Part of two 
sieve - tubes of the 
Pine, Puius sylvesti u, 
showing sie^ e - pits 
(x 540 ) 



S 


B 
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Fig Su — A, Part of an annular tra- 
cheid , J3, pait of a spnal tiacheul , 
C, longitudinal section tlnough pait 
of a reticulate vessel, showing perfor- 
ated partition wall, s. (x 1240.) 




By the curving to one side or the other of the closing membrane, the 
torus may so act as to close the pit canal (Fig. 83, B ). Bordered pits 

are only formed in cells 
which are soon to lose 
their living contents and 
thus serve merely as 
channels for conducting 
water. The bordered pits 
apparently act as valves. 
Seen from the surface a 
bordered pit appears as 
two concentric rings (Fig. 
83, A). The smaller, 
inner ring represents the 
narrow opening of the 

Fxo. S7 — Part of tiansverse section, of a stem of Impatiens ^he Cell Cavity j 

pa > mfloru e, Epidermis ; c, collenchyina , p, tlim-walled the larger, Outer ring 
parenchymatous cells , i, intercellular space (X 300 ) indicates the junction 

of the wall of the pit chamber with the primary cell wall 

Very large pits between adjoining living cells have often thin 
places in their closing membrane, and are then spoken of as compound 
pits. A special example of such pits is afforded by the sieve-pits, in 
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which, the closing membrane, in. that case called the sieve-plate, is 
perforated by fine openings or pores (Fig. 85). 

In cases where the greater part of the cell wall remains unthick- 

ened, it is characterised rather by 
a description of its thickened than 
unthickened portions , it is in this 
sense that the terras annular, spiral, 
and reticulate are used (Fig. 86). 
Just as in the case of cells with 
bordered pits, annular, spiral, and 
reticulate cell walls are only 
acquired by cells that soon lose 
their contents, and act in the 
capacity of water-carriers. Such 
wall thickenings serve as mechani- 
cal supports, to give rigidity to 
the cells, and to enable the cell 
walls to withstand the pressure of 
the surrounding cells. Collen- 
CHYMATOUS cells are living cells, 
the walls of which are thickened 
principally at the corners (Fig. 87). 
Cells on the surface of plants 
Fig ss —Part of tiausverse section of a leaf of have usually only their outer walls 
Ficus eia&tica. c, Cystoiith , e, e, e, tuple- thickened (Fig. 100). By the 

thickening of cell walls at special 
points, protuberances projecting 
into the cell cavity are formed ; in this way the formations known 
as gystoliths arise. 

Certain large cells m tlie leaves of the Indiarubber plant (Ficus clasticci) con- 
tain peculiar clustered bodies, formed by the thickening of the cell w all at a single 
point (Fig 88). In their formation a stem-like body 01 stalk first protiudcs from 
the cell wall ; by the addition of freshly-deposited layers this becomes club-shaped, 
and, by continued irregular deposits, it finally attains, its clustered iorm. 

So far only centripetal wall thickenings have been described. 
Cells, tbe walls of which are centrifugally thickened, can naturally only 
occur where the cell walls have free surfaces. The outer walls of 
hairs generally show small inequalities and projections. The surface 
walls of spores and pollen grains (Fig. 89) show a great variety of such 
centrifugally developed protuberances, in the form of points, ridges, 
reticulations, and hands of an often complicated internal structure. 

The Origin and Growth of the Cell Wall. — The cell wall is a 
product of the protoplasm. When a previously naked protoplast, as a 
swarm-spore of an Alga, envelops itself with a cell wall, this is 
effected, as is now generally believed, by the transformation of its 
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protoplasmic membrane into a cell wall. The newly-formed partition 
wall, resulting from cell division, is developed from the cell plate, 
which is also of cytoplasmic 
origin. The new lamellae of a 
cell wall in process of thicken- 
ing are also derived from the 
protoplasmic membrane of the 
enclosed cytoplasm. 

The growth in thickness of 
a cell wall by the deposition of 
successive lamellae is termed 
GROWTH BY APPOSITION. The 
growth in surface of cell walls 
may, m many cases, be attributed 
to the deposition of new lamellae 
simultaneously accompanying the 
distension of the old. The sub- 
sequent growth in thickness of 
the single lamellae of the cell walls, by the interpolation of new 
particles of cell-wall substance between the old, is designated growth 
BY INTUSSUSCEPTION 

Cell Wall Substanee. — The transformation of the cell plate, or of 
the protoplasmic membrane of the cytoplasm, into lamellae of the cell 
wall, is accompanied by a change in their substance. The granules 
of the cell plate disappear and apparently dissolve, while the lamellae 
of a cell wall are eventually formed from the solution. Possibly the 
lamellae of cell walls possess a crystalline structure similar to that of 
starch grains, with which they seem to correspond in many structural 
peculiarities and in the double refraction of their layers. 

The most important constituent of cell walls is cellulose. With 
the exception of the Fungi it is present in the cell walls of all plants. 

Gilson succeeded m obtaining cellulose m a state of crystallisation He treated 
a plant section foi a time with, cuprammoma, then washed the section carefully 
with ammonia of a suitable concentration, and afterwards with distilled water. 
In the cells of sections treated m this manner he found cellulose ciystals m the 
tom of sphsentes or dendrites. Cellulose is a carbohydrate of which the chemical 
composition is expressed by the general formula (C 6 H 10 O 5 )n It is insoluble in 
either dilute acids or alkalies By the action of concentrated sulphunc acid it 
is converted into dextrose. After treatment with sulphunc or phosphoiic acid, 
iodine will colour it blue , it shows a similar reaction when exposed to the 
simultaneous action of a concentrated solution of certain salts, such as zinc 
chloride or aluminium chloride, and of iodine Accordingly, chloroiodide of zinc, 
on account of the blue coloui impaited by it, is one of the most convenient tests 
for cellulose. 

The cell walls never consist entirely of pure cellulose, but contain 
a considerable amount of other substances, which are not stained blue 



Fig S9. — A, Pollen-gram of Cue in bit a Pepo in 
surface view, and partly m optical section, 
rendered transparent by treating with oil of 
lemons (x 240), B , part of transverse section 
of pollen gram of Cucinbita lemicosa (x 340 ) 
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by chloroiodide of zinc. In unlignified cell walls peotose is parti- 
cularly prominent. It is easily distinguished by the readiness with 
which it dissolves in alkalies, after being previously acted upon by a 
dilute acid. 

Susceptibility to ceitain stains, for example Congo red, is a characteristic of 
cellulose , while other stains, such as safranm and methylene blue, colour peotose 
more deeply According to Mangin, the partition wall formed in the higher 
plants during cell division consists almost w holly of pectosc ; the next developed 
lammse, the secondary cell-wall layer, of a mixture of cellulose and pectose , the 
last formed, or tertiaiy layer, chiefly ol cellulose If the secondary layer ot the 
cell wall remain unlignified, the amount of pectose contained m it mci eases with 
age and helps to stiengthen the middle lamella, or primary cell-wall layei. 

Among the substances entering into the composition of cell walls, m addition 
to cellulose and pectose, mention must be made of callo.se. It is charac tensed by 
its insolubility m cupi ammonia and solubility m soda solution, and in a cold 
1 pei cent solution oi caustic potash. It is coloured a led blown by chloroiodide 
of zinc, with aniline blue it takes an intense blue, and with coralhn (losolie acid) 
a brilliant red Its presence m the higher plants is limited to a few special cases , 
it envelops the sieve-pits and is always present in calcified cell- wall layers, as, foi 
example, m cystoliths (Fig. 88) According to Mangin, callose exists m the cell 
walls of the Fungi and Lichens, generally in combination w ith cellulose, or more 
rarely with pectinaceous substances Gilson asserts, on the othei hand, that the 
cell w'alls of all the Fungi that ho lias thoroughly investigated, consist of a 
special nitrogenous substance, which he has called mycosis, and considers that it 
corresponds to animal chitm This chitm, accoidmg to Gilson, takes the same 
place in the cell walls of the Fungi as cellulose m the cell walls of the higher plants 
In addition to chitm, the cell w’alls ot Fungi always contain carbohydrates 

Where cell walls become lignified or suberised, it is particularly 
the secondary layer that receives the wood or cork substance, while 
the tertiary or internal layer retains its cellulose character. 

The ligmfication is occasioned by the deposition m the cell wall of certain 
substances, among which are always eomfeim and vanillin It is these two 
substances which give the so-called wood leactions, — a violet colour with pliloro- 
glucin and hydroehloi ic acid, a yellow coloiu with anihn sulphate. With 
chloroiodide ot zinc a lignified cell wall becomes yellow 7 , not blue. 

Subensed cell w 7 alls take a yellowish brown colour with chloroiodide of zinc , 
with caustic potash, a yellow Van TTisselingh has lately disputed the presence 
of cellulose in subensed cell walls, and regards the coik substance or srimniN as 
a fatty body, w'liich is composed of glycerine esters and othei compound esteis, as 
well as of one oi more other substances which are infusible, insoluble m ehloioform, 
and decomposed by a solution of caustic potash. 

Outinisation, which is similar to but not identical with subensa- 
tion, is usually due to the subsequent deposition of cutin in cellulose 
cell walls. 

Van "Wisselingh has shown that phellomc acid, which is always piesent in 
suberin, is constantly absent m cutm Cutin withstands better the action of 
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caustic potash In other respects, the reactions given by cutinised cell walls with 
chloroiodide of zinc or solutions of caustic potash are almost identical with those 
of subensed cell walls 

While after lignification cell walls are still permeable to both 
water and gases, subensation or cutinisation renders them impervious. 
Accordingly, suberised and cutinised cell walls are found especially in 
the surface of plants, as a means of protection and preservation. 

The layers of the cell walls of some cells, particularly the super- 
ficial cells of certain fruits, as of Sage, and of numerous seeds, such as 
Flax and Quince seeds, become mucilaginous, and swell in water to a 
slime or vegetable mucus, which, according to G. Klebs, serves the 
purpose of attaching the seeds to the soil. The internal cells of some 
leguminous seeds with a mucilaginous endosperm, such as the seeds of 
the Carob tree (Ceratonia Siliqua), have similar mucilaginous layers, 
which serve as reserve substance Firm cell walls can also be trans- 
formed into GUM, as is so often apparent in Cherry and Acacia trees, 
portions of whose woody cells often succumb to gummosis. 

The several varieties ol gums and vegetable mucus react diffei ently, aceoid- 
mg as they aie denved fiom cellulose, callose, peetose, 01 from allied substances 
Accoidmg to Maxgin they may be nuerochemically distinguished by their 
reaction with i uthemum red, which stains only such as are denved from peetose 
or related substances, such as the mucilage of the seeds of the Ci ueiferae and 
Quince ( Gycloma ), the mucus cells of the Malmae, the gums of the Cherry and 
Acacia, the gum tragacanth from Astragalus gura'tmfer. The mucus of Oichid 
tubers, on the other hand, is related to cellulose, and remains uncoloured with the 
same reagent. 

The cell walls of the seeds of many Palms, as also those of Ormthogaluoi 
(Fig 84), have strongly developed thickening layers, which are full of pits. These 
thickening layers aie lustrous white, and, as in the case of the seeds of the Palm, 
Phytelephas macrocarpa, may attain such a degree of hardness as to be technically 
valuable as vegetable ivory Such thickening layers may contain other carbohyd- 
rates in addition to cellulose, thus the cell walls of the seeds of Tropaeolum and 
Pcieonm contain an AiiYLOll>, which turns blue even with iodine alone. These 
thickening layeis are dissolved during germination, and are accordingly to be 
considered as a reset ve substance of the seeds 

Cell walls often become coloured by tannin or derivative sub- 
stances ; m this way, for instance, the dark colour is produced which 
is often seen m the shells of seeds and m old wood. The colours of 
the woods of economic value are due to such discoloured cell walls. 
Inorganic substances are often deposited in large quantities m old cell 
walls Among such substances calcium oxalate is often met with, 
commonly m crystal form ; also calcium carbonate, although perhaps 
not so frequently. In the cystoliths of Ficus elashca, (Fig. 88) so much 
calcium carbonate is deposited that it effervesces with hydrochloric 
acid. In many plants, as, for instance, most of the Characeae, the 
quantity of calcium carbonate in their cell walls is so great as to 

G 
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render them stiff and brittle. Silica is also present in the superficial 
cell walls of the Gmminecie, Equisetctceae , and many other plants. 

Cell Forms. — As cytoplasm is a viscous fluid, and would tend, if 
unimpeded, to take a spherical shape, it may be assumed that the 
natural and primary form for cells is spherical. Such a shape, how- 
ever, could only be realised by cells which, in their living condition, 
were completely free and unconfined, or in such as were able to ex- 
pand freely in all directions. Newly-developed cells, which are m 
intimate union, are, at first, always polygonal. Through subsequent 
growth their shape may change. The cubical cells of the growing 
point either elongate to a prism or remain short and tabular. If the 

growth is limited to certain definite points, 
and is regular, they become stellate ; if irre- 
gular, their outline is correspondingly un- 
symmetrical. In consequence of energetic 
growth m length, fibre-like, pointed cells 
are developed. If the walls of such cells 
become much thickened, they are called 
sole ren chyma fibres (Fig. 90, A). These 
show diagonal markings, due to their elon- 
gated pits, which are generally but few in 
number. When fully developed, the living 
contents of such cells are small in amount and 
frequently they contain only air In the last 
case, they merely act as mechanical supports 
for the other parts of the plant. Cells some- 
what similar, but shorter and considerably 
wider, not sharpened at the ends, and pro- 
vided with bordered pits, are called tra- 
CHEIDS (Fig. 90, i>). The tracheids, in 
their fully developed condition, never have 
any living contents, but serve as water- 
carriers for the plant. So long as they 
remain active, they contain only water and 
isolated air-bubbles ; their active functions 
afterwards cease, and they become filled 
with air Tracheids, which are specially 
elongated, and at the same time have only 
a narrow lumen, and, like the sclerenchy- 
matous fibres, serve merely mechanical 
purposes, are known as fibre tracheids. 
Very long tracheids with a wide lumen and thin -walls, functioning, 
like typical tracheids, as water-carriers, are distinguished as vasiform 
or vascular tracheids. They are characterised by the annular, spiral, 
or reticulate markings of their thickening layers, and may also be 
provided with bordered pits. 



1 

Fig 90 — JL, A sclerench^matoixs 
fibre , jS, a traclieicl , C t pait of 
a sjjiral traclieid , D, part of a 
latex tube (A, B, C 3 x 100 , D, 
X circa 150 ) 
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The thickening layers, of scleienchynaa fibres may be eithei ligmfied or un- 
ligmfied , those of tracheids are always lignified. The characteristic thickened 
walls of the vaszform tracheids serve to sustain the pressure of the surrounding 
living cells. 

Of all the cells in the more highly organised plants, the LATEX cells 
or milk cells, also spoken of as latex tubes, attain the greatest length. 
In the Euphorbiaceae, Urticaceae, Apocyneae. , and Asclepiadaceae they arise 
from cells which are already differentiated in the embryo. Grow- 
ing as the embryo grows, they branch with it and penetrate all its 
members, and may thus ultimately become many metres long. The 
latex cells themselves have, for the most part, unthickened smooth 
elastic walls which give a cellulose reaction. They are provided with 
a peripheral layer of living cytoplasm and numerous nuclei. Their 
sap is a milky, usually white fluid, which contains gum-resins, i.e. a 
mixture of gums and resins, caoutchouc, fat and wax in emulsion 
In addition, they sometimes hold in solution gums, tannins, often 
poisonous alkaloids, and salts, especially calcium malate, also, in the 
case of Ficus Caiica and Canca Papaya , peptonising ferments. In the 
latex cells of the j Euphorbiaceae there are also present in the latex 
peculiar dumb-bell-shaped starch grains. On exposure to the air the 
milky sap quickly coagulates. In the adjoining figure (Fig. 90, D } 
is shown a portion of an isolated latex cell dissected out of the stem 
of an Asclepiadaceous plant, Ceropegia stapelioides. 

Special cells, which differ in form, contents, or in their peculiar 
wall thickenings from their neighbouring cells, are distinguished as 
idioblasts If strongly thickened and lignified, they are called sclerotic 
cells (stone cells) or sclereids. They generally contain some secreted 
substance. In a previous figure (Fig. 80) an idioblast, containing a 
bundle of raphides, is represented. Idioblasts, resembling tracheids 
and functioning as water reservoirs, are found between the chlorophyll- 
containing cells in the leaves of some of the Orchidaceae. 


Cell Fusion 

Cell fusion occurs much less frequently in plants than m animals 
Yet in all sexually differentiated plants, just as is the case in animals,, 
fertilisation depends for its consummation on the fusion of living pro- 
toplasts. A fusion occurring between naked cells has already been 
noticed in describing the formation of a plasmodium by the Myxomy- 
cetes (Fig 52). When the hyphse of Fungi touch one another, their 
walls are often absorbed at the point of contact, and the living contents 
of two different hyphse become united In higher plants a similar 
fusion takes place in latex vessels and in sieve-vessels. Latex vessels 
have the same structure and contents as latex cells Their occurrence, 
like that of latex cells, is limited to a few distinct plant families. 
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such as the Papaveraceae, of which the Poppy ( Papaver ) or Celandine 
(Cheliclonium), with its characteristic orange-coloured “ sap,” are familiar 
examples, or the Compositae, of which in particular the Lettuce ( Laduca ) 
may he cited. Latex vessels are distinguished from latex cells only 
by the method of their development, which has resulted from the 
fusion of rows of elongated cells, the separating transverse walls of which 
have become more or less completely absorbed. In this manner a net- 
work of latex vessels, such as that in the Spanish Salsify (Scorsonera 
hispanica), may be formed (Fig. 91). In the formation of the sieve- 

vessels, or sieve-tubes as they are usually 
termed (Fig 92), the cell fusion is much 
less complete. It is confined to fine canals, 
which perforate the cross-walls, which are 
known as sieve-plates. The cells thus 
united by the sieve-pores remain as distinct 
segments of the sieve-vessels. It is worthy 
of special note that, despite the fact that 
after the nuclei of the different sieve-tube 
segments become disintegrated, their cyto- 
plasm still continues living The walls 
of sieve -tubes are always unlignified. 
Their sap cavities contain a watery, and 
more or less diluted, solution of albumin- 
ous substances, which, by means of the 
pores of the sieve-plates, may pass from 
one segment of the sieve-tube to another. 
As a rule, small starch grains may also 
be found in the sieve-tubes. The pores 
of the sieve-plates never attain great 
dimensions (Fig. 92, B, 1 )), and are gener- 
ally extremely small. Sieve-plates are 
sometimes found also in the lateral walls 
of the sieve-tubes, and the sieve-pits per- 
mit communication between adjoining sieve-tubes. Such lateral sieve- 
plates are frequent in the Conifers (Figs. S5, 93) As a rule, eieve- 
tubes only remain functional for a short time After their activity 
ceases, the sieve-plates become invested with the strongly refractive 
CALLUS-PLATES (Figs. 92 C, 93 B) already referred to (p. 80) in dis- 
cussing callose. 

A cell fusion also takes place in the formation of vessels or 
tracheas, but it should not be considered as a union between living 
cell bodies, but merely as one between cell cavities. The vessels are 
formed by the absorption of the transverse walls of rows of cells, 
the lateral walls of which are peculiarly marked by spiral or reticulate 
thickenings, or, as is more frequently the case, by bordered pits. In 
cases where the transverse walls are at right angles to the side walls, 



Fig. 01. — Tangential section through 
the periphery of the stem of 
Scorzoneia hispcvtaca , showing le- 
ticulately united latex vessels 
(X 240) 
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they usually become perforated by a single round opening while the 
rest of the wall remains as a thickening ring (Fig. 86, C). When the 
transverse walls are oblique, they are then perforated by several open- 
ings, between which portions of the wall remain, like rungs of a ladder 
(Fig. 94, q). According to the mode of their wall thickening, vessels 
are distinguished as spiral, reticulate, or pitted. When the trans- 
versely-elongated pits of a vessel are arranged in more or less parallel 
rows (Fig. 94), it is called a scalariform vessel. The thickening of 
the vessel walls is always lignified. The living contents of the cells. 



Fig 02 — Paits of sie\ e-tubes of Cucmbita Pepo, hardened m alcohol A , Srnface view of a sieve- 

plate, B, C 9 longitudinal sections, showing segments of sieve-tubes ; JD, contents of two sieve- 
tube segments, after treatment with sulphuric acid ; s, companion cells , u, albuminous con- 
tents , pr, peripheral cj toplasm , c, callus-plate ; c*, small, lateral sie\ e-pit, with, callus-plate 
(X 540 ) 


after the perforation of the transverse walls, become completely 
absorbed, and the fully-formed vessels or tracheae contain only water 
and a limited amount of air. 


There is no difference between vasiform tracheids and vessels other than that 
the former are single elongated cells, and the latter fused cell rows. Generally 
speaking, tracheids aie formed in parts of plants still m process of elongation, 
vessels m parts where growth in. length has already ceased True vessels make 
their first appearance m some of the Feins, for instance, m the common Bracken 
{JPtens aqmhna). In the main, despite the name Vascular Cryptogams, Ferns 
have only vasiform tracheids Even in the Gymnosperms the Gnetctceae are the 
only family regularly provided u ith vessels It is in the Angiosperms that vessels 
first become of frequent occurrence. Vessels are not of an unlimited length. A 
few plants however, such as the Oak, and especially climbing woody plants, as the 
Lianes, have vessels several metres long , but, as a rule, their length is not xnoie 
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than a metre, and in plants the woody portion of which conducts water only by 
vessels, the vessels have an average length of only ten centimetres- The length of 


S 



Fig 93- — Part of the wall of sieve- 
tubes of Pmus sylhestns, m tan- 
gential section, after treatment 
with cbloroiodide of zinc , A, be- 
fore, J3, after formation of the 
callus-plate , C, portion of a sieve- 
tube no longer in activity ( x 540 ) 


t 



Fig 94 — Low ex thud of a scalan- 
form vessel from the lluzoine of 
the common Blacken Fein, 
Ptens a quilma t, Tiansveisoly 

elongated pits m the late nil 
'walls; q, scalanform peifora- 
tions of the terminal wall (Affcei 
De B\ry, x % ) 


an individual vessel is defined by the presence of transverse walls, w Inch arc not 
perforated except by bordered pits. 


Tissues 

A continuous aggregation of cells in intimate union is called a 
tissue. The origin of vegetable tissues is, in general, attributable to 
cell division. It is only m the Fungi and Sijphonecte that a tissue 
arises through the interweaving of tubular cells or cell filaments (Figs. 
95, 96). In such cases, where the filaments are so closely inter- 
woven as to form a compact mass of cells, the apparent tissue thus 
formed has the same appearance as the tissues of higher plants 
(Figs. 97, 98). 

The mutual interdependence of the cells of a tissue is manifested 
both by the conjunction of their pits (Figs. 81, 83, 84), and by the 
general similarity of their wall thickenings 

The PROTOPLASTS OF MOST CELLS ARE DIRECTLY CONNECTED WITH 
ONE ANOTHER BY MEANS OF EXTREMELY DELICATE THREADS OF 
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cytoplasm. These cytoplasmic threads penetrate the cell walls, and 
in particular the partition membranes of their pits (Fig 99) It may 
be inferred that the conduction of stimuli 
from one cell to another is carried on by 
means of these cytoplasmic connections. 

Viewed thus, the whole plant becomes a 
living unit. Between cells having such 
cytoplasmic connections and a fusion of 
cells, such as a sieve-tube, there is little 
distinction. In this sense a whole plant 
forms a single cell fusion, although incom- 
plete and limited by cell walls. 

The cells in a tissue may either fit 
closely together, leaving no openmgs or 
spaces, or so-called intercellular spaces 
(intercellulars) may be left between 
the individual cells. 

Where cell filaments are interwoven fi& 95 —Longitudinal section of 
into a tissue, their intercellular spaces are the stalk of fche fructification of 
represented by the openings left between Boletus ednhs (x 300) 

the loosely-intertwined filaments (Figs. 95, 96). In tissues resulting 
from cell division the intercellular spaces arise subsequently, as the 




Fig Do — Trans veise sec- 
tion of the stalk of the 
fructification of Boletus 
ednhs. ( x 300 ) 



Fig 97 — Longitudinal sec- 
tion of the sclerotiuni of 
Clciviceps purpurea, (x300 ) 



Fig 98 — Transverse section of 
the sclerotmm of Clamceps 
imrpitica, (x 300 ) 


partition wall between two cells formed by cell division originally 
belonged to both mutually. 

Such a partition wall may ultimately split and so give rise to intercellular 
spaces, but this only occurs after it has been thickened The cause of such 
-splitting is to be found m the hydrostatic pressure existing within the cells, and 
their consequent tendency to assume a spherical shape. The formation of inter- 
cellular spaces commences, therefore, at the cell corners, where the primary wall, 
consisting of pectinose matenal, becomes swollen. 

The simplest and at the same time most frequent intercellular 
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spaces are triangular or quadrangular in outline, as seen in cross- 
section (Figs. 81 i, ST i) In cases where special portions of adjoin- 
ing cells are in extremely energetic growth, intercellular chambers and 
passages, of more or less irregular shape, may be formed between 
them. If the growth of adjoining cells is very unequal, it may lead 

to a complete separation of their cell walls ; 

t or the cells, or even a whole system of 

tissues, may be stretched and torn apart. 
It is by such a process that hollow stems 
are formed. Intercellular spaces arising from 
a splitting of adjoining cell walls are accord- 
ingly termed schizogenic , those formed by 
tearing or dissolution of the cells themselves 
are called LYSIGENIC INTERCELLULAR spaces. 
Most intercellular spaces contain only air, 
although in special instances they may con- 
tain water or excreted products, such as 
gum, mucilage, resin, or ethereal oils, and in 
other less frequent cases latex. Schizogenic 
intercellular spaces are usually filled with 

Flo » — Longitudinal a f’ wtll f , the S P aC “ COnta! " al “ 0St 

of the cortical ceils ot Nmnm always either water or excretion products. 

Oleander 9 after ti eatment with 

chloioiodicle of 7inc and me- Of tile schizogenic mteroellnlai spaces, those filled 
thylene blue to show the cyto- wl th etlieieal oils or ream, on account ot their 

TZTtSS Kienitz 1 - sbould be paiticulaily noticed. Short 

Geri-off, x 900 ) cavities and longer passages, or ducts, containing 

ethereal oils, aie to be found in the stems, roots, 
and leaves of numerous plant families The Dmbelli/et ae are especially rich m 
these, and the oil-ducts form the ehaiactenstie markings (vittae) on their 
fruits. The Conifers are especially chaiactensed by rosin-ducts (Fig 139, 7a), 
which, even during their formation by the separation of the cell walls, seem to fill 
with an excretion from the cells The enlargement of such intercellular spaces 
is accompanied by a division of the surrounding cells, the nunibei of which is thus 
conespondmgly increased. The cells themselves remain thm- walled, and in close 
contact, hut bulge out somewhat into the ducts Lysigenic intercellular spaces, 
acting as receptacles for secretions, have the appeal ance of irregular cavities m the 


Longitudinal section 


tissue. Where they contain oil or resin, they develop from a gioup of cells m which 
these substances appear in the form of diops The cell group then becomes dis- 
organised by the gradual absorption of the cell walls, beginning with those of the 
cells m the centre of the group. In this way are formed the receptacles filled with 
ethereal oils, as, for example, those in Dictavmus {Rutaceaa), (Fig 116 ), and in 
Aw antieae, as in the Orange and Lemon The exudation of resin, m the case 
of conifeious trees, is preceded by the formation of abnormal tissues, which after- 
wards become converted into resin. Such was also the origin of amber, which is 
the fossil resin of the Amber-fh ( Picea sueeim/era). The formation of gum in 
lysigenic glim cavities is due to the modification of the cell w'alls, and either 
normal tissues participate in this process, as m the case of the gum-aiabic ot 
the Acacia, or abnormal tissues are first developed and then transformed into 
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gum, as, for example, the gum on Cheny trees. Latex does not occur in lysigenic 
intercellular spaces. 

The separating walls resulting from cell division are simple lamellae. That 
pait of the paitition wall between two cells which stands out so distinctly in 
a cross-section does not consist of the original primary cell wall alone. It is 
made up of both the primary wall and the primary thickening layers, and is called 
the middle lamella (Figs. 81 id, 83 m) m In soft tissues the middle lamella, 
according to Margin, is composed of pectose combined with calcium (calcium 
pectate) , m woody and corky tissues it has the same composition, but is also 
lignified By boiling soft tissues m water, the cells may often be easily isolated 
through the consequent swelling and dissolution of the middle lamella. In ripe 
fruit, an isolation of the cells frequently takes place spontaneously, through the 
dissolution of the middle lamella. A lignified middle lamella, on the other hand, 
seems able to withstand more effectually the action of oxidising agents. Conse- 
quently, it is possible, by subjecting a section of pine -wood to the action of 
Schulze’s macerating mixture (potassium chlorate and nitric acid), and subse- 
quently treating with concentiated sulphune acid, to lemove all secondary and 
tertiary thickening layers, so that only the middle lamellae lemain as a delicate 
network. If the macerating process be continued for a longer time, without the 
subsequent treatment with sulphuric acid, the middle lamellae become finally dis- 
solved. The thickening layer will then be left free fiom all lignification, and will 
m that condition give the blue cellulose leaction with chloroiodide of zinc (p. SO) 
Schulze’s macerating method may accordingly be employed to isolate the elements 
of lignified tissues. The inexplicable attitude of the middle lamella towards 
chemical reagents gave rise at one time to the presumption of a peculiar inter- 
cellular substance which, like a glue, bound together the cells of a vegetable 
tissue The supplementary deposition of pectose m the middle lamellae (p. 80) 
fiequently gives rise to the formation of lod-like protuberances and excrescences, 
which project into the intercellular spaces, or these spaces may he filled up by the 
formation of gussets (Fig. 83, <7, m*). The yellowish brown colour assumed by the 
pectose deposited on the walls of intercellular spaces, on treatment with chloroiodide 
of zinc, led to the erroneous supposition that the intercellular spaces m plants weie 
lined by a thin layer of living cytoplasm. 

Vegetable tissues may be divided into two groups, parenchyma 
and prosenchyma, between which, however, no sharp distinction 
can he made. A typically developed parenchymatous tissue is one in 
which the thm-walled cells are equally expanded in all directions, and 
arc, for the most part, rich in protoplasm. Typical prosenchymatous 
tissue, on the other hand, consists of thick-walled, elongated cells, either 
in the form of fibres or spindle-shaped cells, with interlocking, pointed 
ends, and with little or no protoplasmic contents. A parenchymatous 
tissue, in which the cells are thick-walled and elongated, resembles pros- 
enchyma, but may be distinguished from it by the absence of pointed 
cell terminations, and especially by the greater abundance of protoplasm. 
Thin-walled prosenchyma is not, on the other hand, necessarily lacking 
in protoplasm, but is characterised by its pointed and interlocking cells 

An undifferentiated tissue, the cells of which are still capable of 
division, is termed embryonic tissue, or meristem. The meristem of 
embryonic rudiments and of the growing point is called promeristem, 
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plants, the cell walls of the epidermis are silicified. In the Equisetaceae 
the impregnation with silica is so considerable that these plants are 
used for polishing. Heating, even to redness, does not destroy the 
structure of such silicified epidermal cells. 

Deposits of wax, as De Bary has shown, are also present in 
the cutmised layers of the epidermis, and consequently water will 
flow off the epidermis without wetting it. The wax is sometimes 
spread over the surface of the cuticle as a wax covering. This is the 
case in most fruits, where, as is so noticeable on plums, it forms the 
so-called bloom. The wax coverings may consist of grams, small rods, 
or crusts. 

On the nodes of many Gramineae the rod-shaped wax bodies have a consider- 
able length (Pig. 100). The wax deposits attain their greatest thickness on the 



Fig. 100 — Tiansverse section of a node of the sugar-cane, Saccharam officinanm, showing wax 
incrustation m the form of small rods. ( x 540 ) 

leaves of some of the Palms ; on the Peruvian Wax Palm, Ceroxylon andicola , the 
wax coveimg is more than 5 mm thick. This wax, as well as that obtained from 
the fruit of Myrica cerifera i is known as vegetable wax, and possesses an economic 
vateie. The wax incrustations may be melted by heat ; they are soluble in ether 
and in hot alcohol. In many cases, m place of the wax coverings, small grains and 
scales of a fat-like substance, which is soluble even in cold alcohol, are excreted 
from the hairy surface of the epidermis. The dusty coverings thus formed appear 
either mealy white or golden yellow, and are the cause of the striking appearance 
of the Gold and Silver Ferns, especially m species of Qymnogramme. 

In many Ferns groups of slightly thickened, epidermal cells are 
distributed over the leaves. These cells are richly supplied with 
contents, and exude drops of watery fluid. Cells of this nature, which 
thus serve the purpose of exuding or, at other times, of absorbing 
water, have been termed hydathodes by Haberlandt. In many 
other cases, slimy or sticky excretions are produced between the 
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thickening layers of the epidermis and the cuticle, which press up 
the latter and finally hurst it. Such excreting surfaces often occur 
inside buds. Sticky zones are frequently formed on stems, as in the 
case of Lychnis viscaria and other Sileneae, as a means of protection to 
the buds higher on the stem from undesirable visitors. Small creep- 
ing insects, which would otherwise rob the flowers of their honey, 
seem as little able to pass beyond such a sticky zone, as other larger 
animals to surmount the rings of tar often placed around the trunks 
of trees for a similar protective purpose. Excreting epidermal surfaces 
form also the nectaries of flowers, which by means of their sweet 
secretions lure such animals, generally insects, as are instrumental in 
their pollination. 

The cells of the epidermis are m uninterrupted contact with each 
other, and the general firmness of the whole epidermis is also greatly 
enhanced by their undulating side walls (Fig. 101). In plants with 





Fig 101* — Surface view of tlie epidermis Fig. 102 — Suifaee Mew hf tlie epideimis fiom 
from the upper side of a leaf of Mcrcun- the under side of a leaf of Impatiens parti- 
alis pei emus (x 300) fic» a, showing stomata (x 100 ) 


special land and water forms, as Ranunculus, the epidermal cells of the 
land form alone have the undulating side walls. In the delicate 
epidermal cells of flowers, ridges projecting into the interior of the 
cells are frequently formed on the inner side of their side walls 
(Fig. 107). The protoplasm of epidermal cells generally appear^ to 
be reduced to a thin, peripheral layer, and the sap cavities filled with 
colourless sap. Around their nuclei cluster the colourless rudiments 
of the undeveloped chromatophores, showing that, although ex- 
posed to the light, their further development may cease in cells not 
destined to take part m the assimilatory processes. Such epidermal 
cells with undeveloped chromatophores, besides acting as an external 
protection, serve as water-reservoirs, their side walls, by means of 
folds in the unthickened parts, can expand and collapse as a bellows, 
according to the variations in their supply of water. In the Ferns 
and also in several families of the Phanerogams the division of 
labour between the epidermis and the adjoining tissue is not so- 
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strictly earned out, and the epidermal cells contain ehloroplasts. The 
epidermis of Impatiens parmflora (Fig. 102) has tolerably large but 
only slightly green chromatophores, and thus occupies an intermediate 
position between the two extremes. The cell sap of epidermal cells is 
often coloured red: in many cases it has been demonstrated that 

/ 4/ 

plants thus acquire a protection from excessive illumination 

The formation of stomata in the epidermis is characteristic of all 
parts of the more highly-developed plants which are exposed to the 
air. Each stoma thus forms an intercellular passage perforating the 
epidermis and bounded by two elliptical epidermal cells, termed GUARD- 
CELLS (Figs. 103 A, 104 A). The guard cells always contain chloro- 



Fig 103 — Epidermis from the undei side of a leaf of I) jlorentma A, In surface Mew, I>, in 
transverse section , f 9 vestibule , s 9 opening , c, cuticle , a , respiratory cavity (x 240 ) 

pl&sts, and are also characterised by their peculiarly thickened walls, 
which form ridge-like protuberances projecting above and below from 
the sides of the guard-cells adjoining the air-passage (Figs 103 JB, 
104 B). Midway between the projecting ridges, on the other hand, 
the walls of the guard-cells remain unthickened (Fig. 105). 

The guard-cells themselves jut out into the air-passage (Figs. 103 JB, 104 JB, 
105), and thus facilitate its closing. In addition, the external thickened walls of 
the two adjacent epidermal cells become, m some cases, suddenly narrowed on 
appioachmg the guard-cells (Figs 103 JB, 105). By this means a hinge-like con- 
nection is formed which renders the guard-cells independent of the other epidermal 
cells. At other times this same result is accomplished by laising the stomata 
above the epidermis, or, which has the same effect, by sinking them below tke 
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thickened epidermal walls. Frequently the epidermal cells adjoining the guaid- 
cells are less thickened or lower than the other cells of the epidermis (Fig. 104). 
Such special epidermal cells are called subsidiary cells. 

The stomata are formed hy the division of a young epidermal cell into two cells 



Pig 104 — Epidermis from, the under side of a leaf of Tradescantia migmica A, In surface new , 
B, in transverse section , l, colourless rudiments of chromatophores surrounding the nucleus, 
(x 240 ) 

of unequal size, one of which, the smaller and more abundantly supplied with 
protoplasm, becomes the stoma mother -cell , while the larger, containing less 
protoplasm, usually continues as an epidermal cell The stoma mother - cell 



Fig 105 — Transverse section of the epidermis of Aloe nigricans. 
i, Inner, uncutimsed thickening layer, (x 240.) 


becomes elliptical m outline and divides again, by a vertical wall, into the two 
guard-cells, between whioh, by a splitting of the wall, the intercellular passage 
is formed. Before the formation of the definitive stoma mother-cell, successive 
divisions of the young epidermal cell often occur , m such cases the finally 
developed stoma is generally surrounded by subsidiary cells. 

Stomata are chiefly developed on. the green parts of plants, but are 
sometimes found even on the coloured floral leaves. They are natur- 
ally found in greatest numbers on the leaves, as it is there that they are 
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most needed to facilitate the interchange of gases necessitated by the 
processes of assimilation. In dorsiventral leaves the stomata occur, for 
the most part, if not exclusively, on the under surface, and average 
about 100 to the square millimetre, although in some plants their 
number may reach 700. Leaves which are alike on both sides 
have their stomata equally distributed on their upper and under 
surfaces. Floating leaves of aquatic plants have stomata only on the 
side exposed to the air. In some cases, as m the Oleander (. Nerium 
Oleander ), several stomata are situated together in depressions 
in the under surfaces of the leaves. In the tissue directly under 
each stoma there is always a large intercellular air-chamber, termed 
the respiratory cavity (Fig. 103, B, a), which is in direct com- 
munication with other intercellular spaces extending throughout the 
leaf tissue. In plants grown in abundance of moisture, these inter- 
cellular spaces in leaves are larger than in the case of plants growing 
in drier situations. 

In contrast to the stomata, which as air-pores serve for the inter- 
change of gases, a few plants also possess WATER-STOMATA or WATER- 
PORES, situated at the ends of the so-called veins or nerves of the 
leaves. These pores serve as organs for the discharge of water or 
watery solutions. Calcium carbonate, in solution, is frequently excreted 
in this way, and in many species of Saxifraga it forms white scales 
on the margins of the leaves. Although water-pores may often be 
found at the apices and tips of the marginal teeth of young leaves, 
they seem to dry up as the leaves become more mature The guard- 
cells of water-stomata always 
lose their living contents pre- 
maturely, and thus the passage 
between them remains con- 
tinually open. The water- 
stomata (Fig. 106) are always 
larger than the air-stomata 
Although submerged leaves of 
aquatic plants are devoid of 
air*- stomata, water - stomata 

often occur on them. 

Hairs or trichomes and 
tegumentary outgrowths or 
emergences are characteristic 
of the tegumentary system. 

The simplest form of hairs are 
the papillae, which are merely 
epidermal cells, the external 
walls of which have protruded in a conical form. Papillae are often 
developed on the petals of flowers, and are the cause of their 
velvety appearance (Fig 107) Longer hairs, such as the root-hairs 



Fig 106 — Water-pore from the margin of a leaf of 
Tiopaeolum mo jus, 'with sui rounding epidermal 
cells ( x 240 ) 
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{Fig. 47, r), are also correspondingly long prolongations of single 

epidermal cells. The soft, hairy 
/I h/\ Ml /!» growths found in young buds 
/ -O- are generally similarly prolonged 

\> ntk/ », |F/ '#5 epidermal cells which, as a pro- 

JW tectlve coverm g> surround the 

L' ,N j. ' h$C ''i Ati* young growing tissues and some- 

times remain on fully-developed 

Fit 107 — Sui face of tlie upper epidermis of a petal of plants tO shield them from too 
rio?u tncoio) , showing ndge-h'ke projections from rapid evaporation and sudden 
the lateral walls, and protruding papilLe (x250 ) changeg of temperature. The 

parts of plants possessing such hairy coverings usually have a white 
appearance, on account of the air retained both between and in the 



Fig 10S -Seed-hams of tlie cotton, Gos&yp turn Tic i- Fig 109 —Stinging hair of Ui tica dioicu, 

boceum . .4, Fart of seed-coat with haus (x 3), with a poition of the epideinns, and, 

Bi insertion and lower part, B 2 middle pait, and to the right, a small hustle (X 00.) 

I >3 upper part, of a hair. ( x BOO ) 


hairs. The hairs developed from some of the epidermal cells of the 
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seed coats of various species of Gossypium attain an unusual length, 
and supply the cotton of commerce (Fig. 108). These cotton hairs are 
sometimes 6 cm. long, and in their fully-developed state contain only 
air ; their cell ivalls are thicker than those of ordinary hairs, and 
covered with a delicate cuticle. They are usually somewhat flattened 
and at the same time twisted ; and are wider in the middle than at 



Fig 110 — A, Spindle - shaped hau from the undei 
suiface of a leaf of the Wallflower, H tei lonthus 
Omit, B, uobs-s>ection of leaf showing inser- 
tion of hau , C , stellate hau and adjoining 
epidermis fiom the undei side of a leaf of 
the Stock, Matthiolu mi ana (.4, U, xOG, B, 
X 240 ) 



Fig 111 — Glandulai hau fiom the 
petiole ol Piwiukr sinen^i* 
(Aft ei De B \py, x 142 ) 




Fig 112 — Glandular scale from the 
female inflorescence of the Hop, 
HtmuUib Litpuhts , m vertical 
section A, before, 11, aftei tlie 
cuticle has become distended b;y 
the excretion In B the ex- 
cretion has been lemoved by 
alcohol (After De Bary, x 142 ) 


either end (Fig. 108, £ 2 ). Bristles are short, pointed hairs, in the 
thickened cell walls of which calcium or silica has been deposited 
(Fig. 109, below, to the right) 

The STINGING HAIRS (Fig 109), such as those of Nettles ( Urhca ) and 
of the Loasaceae, are special forms of bristles, and arise as prolongations 
of single epidermal cells These however, swell in the course of their 
development, and becoming surrounded by adjoining epidermal cells pre- 

H 
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sent the appearance of being set m sockets ; while, at the same time, by 
the multiplication of the cells in the tissue at their base, the whole 
hair becomes elevated on a column-like protuberance. The hair tapers 
towards the apex and terminates, somewhat obliquely, in a small head, 
just below which the wall of the hair remains unthickened. As the 
wall of the hair is silicified at the end and calcified for the rest of its 
length, the whole hair is therefore extremely stiff. Such hairs furnish 
a means of defence against animals. The heads break off at the 
slightest touch, and the hairs piercing the skm pour out their poisonous 



Pig 113 — tScale lian of Ayplemum 
bulbtfemm (x^O) 



Fig 114 -~-Glanilul.il eollrltu 
from d stipulo ol I tula h i 
to1nr t showing also ti uin- 
colluLu lian (x J40 ) 


contents, which, especially in the case of the Locisuceue , may cause 
severe inflammation. 

Unicellular Hairs, such as we have so far considered, may 
terminate in well-defined heads resulting from the swelling of their tij>s, 
or their side walls may develop irregular excrescences ; on the other 
hand, they may remain short and expand like a balloon, or remain 
close to the surface of the epidermis as spindle-shaped (Fig. 110, A) 
or stellate (Fig 110, C) hairs Multicellular hairs may be merely 
simple rows of similar cells, as the hairs on the stamens of Tnidescuntui 
(Fig. 53) , or their terminal cells may become swollen into globular 
heads (Fig. Ill), like those on the Chinese Primrose ( Primula sinensis ) , 
or an epidermis may he covered with shield-, star-, or bowl-shaped 
hairs (Fig. 1 1 2), Sometimes the hairs become variously branched, 
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and in special cases, as in the scale hairs of Ferns (Fig 113), they may 
even have the shape of a small leaf. 

Emergences, unlike hairs, are not formed solely by epidermal cells, 
but a number of cells, lying more or less deeply in the sub-epidermal 
tissues, also take part m their formation. Thus, for example, while 
only a few rows of sub-epidermal cells enter into the formation of the 
emergences (Fig. 114) on the margins of the stipules of the Pansy 
( Viola tricolor ), much deeper-lying tissue participates in the development 
of the emergences which, as prickles, serve in the case of roses as a 
means of protection, and at the same time are of assistance in climbing. 
Vascular bundles also may be included within the emergences, as is well 
shown m the club-shaped digestive glands or tentacles (Fig 115) on 
the leaves of the Sundew ( Drosera ). Some emer- 
gences resemble in structure certain of the meta- 
morphosed members of the plant body described 
in the preceding chapter; the resemblance be- 
tween prickles and thorns, for instance, is parti- 
cularly noticeable The phylogenetic origin of 
emergences, and therefore the morphological value 
of metamorphosed members, is altogether different 
The irregular distribution of emergences affords 
ail easy means of distinguishing them from such 
metamorphosed members as resemble them in 
appearance. 

Both hairs and emergences sometimes act as 
secreting organs, and are then termed glands. 

In many cases they are concerned with the active 
exudation, and at times also the absorption of 
water They then belong to the class of organs 
designated hydathodes by Haberlandt (c/ 
p 91) Hairs which function as hydathodes are 
usually multicellular; they are provided with 
a short stalk and terminate in a head. Other 
glandular hairs excrete a resinous substance. The 
hairS of Pnmala sinensis (Fig 111) are in reality 
such glands, and it is from their excretions that 
the plant derives its peculiar odour. The cuticle 
of the terminal globular head is pressed away 
from the cell wall by the resinous matter ex- 
creted from the hair, until, finally, the bulging 
cuticle is ruptured and the resinous secretion exudes. The similar 
but more complicated glandular hairs of Hops (Fig. 112) produce 
a secretion called lupulin, to which beer owes its bitter taste and 
distinctive aroma. The secretion is set free by the bursting of 
the cuticle, the latter having been previously pressed out from 
the underlying cell wall as a continuous membrane (Fig. 112, B). 



Fia 115 —Digestive gland, 
fioin Diosera i toiundi - 
folia ( x GO ) 
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The mucilaginous matter produced in young buds by the mucus 
papillae or COLLETERS results from the partial dissolution of the cell wall 
under the cuticle After the mucilaginous secretion has been discharged 
by the ultimate rupture of the cuticle, another new cuticle forms over 
the continually developing cell wall, and the process is again repeated. 
The colleters are but special forms of hairy structures, and are often 
developed in buds to protect the young organs from drying, by means 
of the mucilaginous modification of their cell walls. Where the dis- 
solution of the cell Avail is accompanied by secretions from the under- 
lying cells, the colleters assume rather the character of glandular 
hairs. Such g-landular colleters aie prevalent in the winter buds 
of trees , in the Horse-chestnut (Aesculus Htjopontstunum), for example, 
the bud-scales of the winter buds are stuck together by a mixture of 
gum and resin, which has been exuded from colleters of this nature The 
glandular hairs of the Pansy (Fig 114) act m a similar manner. 

The emergences on the leaves of the Sundew (D/osera), described 
as digestive glands (Fig. 115), discharge glistening drops of muci- 
laginous matter, not under the cuticle, hut directly from the surface of 
the glands at the ends of the tentacles. Small animals are caught 
by means of these sticky excretions, and are afterwards digested 
by the plant The nectaries of flowers also often excrete sugary 
solutions directly from their surfaces The excreting cells are genei ally 
thin- walled and not cutieulansed. The excretion of nectar may also take 
place through water-stomata Finally, intercellular secretion 
cavities are found on the emergences of the inflorescence of 
Didamnub Fuixmella The lower distended portions of its ampullaceous 
emergences contain a fragrant ethereal oil, which fills the lysigenous 
cavity formed by the dissolution of the secreting cells (Fig 11G). 
In addition to these glandular emergences, other internal glands vlncli 
are developed from the epidermis and the underlying layer of cells 
are found in the leaves of Didctmnub. 

In some plants the epidermis is composed of several layers , but 
this is of comparatively rare occurrence Such a many -Layered 
epidenms results from a division of the young epidermal cells parallel 
to their external surface The epidermis of Ficiib dad tea (FigrSS) 
has three layers, and serves as a reservoir for accumulating water. 
The cystoliths of Ficus elastica , already referred to, occur m consider- 
ably swollen epidermal cells The multi-layered epidermis of the 
aerial roots of many Orchids, and of various Aroids, undergoes a peculiar 
modification and forms the so-called velamen radicum (p 42), a parch- 
ment-like sheath surrounding the roots, and often attaining a consider- 
able thickness. The cells of this enveloping sheath are generally provided 
with spiral or reticulate thickenings, and lose their living contents. 
They then become filled with either water or air, depending upon the 
amount of moisture contained in the surrounding atmosphere These 
root-envelopes absorb water like blotting-paper ; when the velamen 
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is filled with water, the underlying tissues impart a greenish shimmer to 
the root ; but if it contains only air the root appears white. The 
epidermis of fruits, and particularly 
of seeds, exhibits a considerable 
variety of modifications m its mode 
of thickening, and in the relations 
the thickening layers bear to one 
another The purpose of these 
modifications m the epidermis be- 
comes at once evident, when it is 
taken into consideration that, m 
the case of flowers and seeds, m 
addition to protecting and enclosing 
their internal parts, the epidermis 
has often to provide for their dis- 
semination and permanent lodg- 
ment. 

The Vascular Bundle System. 

The PRIMARY VASCULAR BUN- 
DLES extend in the form of strands 
throughout the body of the higher 
plants In more transparent stems, 
such as those of Impatiens paru- 
floni, the bundles may be clearly 
distinguished and their direction 
followed The arrangement of the 





Fig 116 — Glandulai hair from themfloiescenee 
of Victamnus Ficuunelhr, m longitudinal 
section , to the right a simple hair laid open 
at the "base (After Rauter, x 220 ) 


bundles of leaves is apparent from 
their venation. In many parallel- 
veined leaves the bundles are easily 
isolated This is often done acci- 
dentally, as when, for example, in 
picking a leaf of Plantain (. Plantago media ) a pull is given at the same 
time The leaves, and sometimes also the stems of Mosses, are pro- 
vided with strands of elongated cells, which are termed conducting 
bundles. These strands consist either of elongated empty elements, 
which serve as water-carriers, or include also cells with protoplasmic 
contents which transport nutritive material (Fig 159). In the leaves 
these conducting bundles constitute the midrib. They always consist 
of elements devoid of protoplasm, acting only as water-conductors, 
and of cells provided with living protoplasmic contents, and concerned 
with the transport of nourishment. 

A high degree of differentiation of the vascular bundles is first 
attained by the Ptendophytes, which are accordingly designated 
Vascular Cryptogams 

In the Ptendophytes, and throughout the higher plants, two distinct 
portions may be distinguished in a vascular bundle, the tracheal or 
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XYLEM PORTION, and the SIEVE or PHLOEM PORTION While each 
portion may form independent strands, they are generally united m one 
VASCULAR BUNDLE (Figs. 117-119) Other terms often used to designate 
the vascular bundles are fibro- vascular bundles and mestome The 
vascular portion is also termed the xylem or hadrome, and the sieve- 
tube portion the phloem or leptome The vascular poition contains 
tracheae and tracheids as most essential for the fulfilment of its func- 



Pig 117 — Ti an s verse section ot a \ ascular bundle fiom the nitei node of a stein of Zeu .Vtt/s o Bing 
of an annulai traelieid , sp, spiral tiaclieid, m and m', \ essels with bouleied pits, i, sieie- 
tubes, s, companion cells, cpi, compiessed ptotopliloem , l, inter eellnlui passage, hi, 
slieatli , J , cell of fundamental tissue (x ISO ) 

tion as a -water-conductor, vascular elements (a, sj>, m, Figs 1 1 7, 1 1 8), or 
tracheids alone, and, in addition, living, elongated parenchymatous cells 
that may be designated xylem or wood parenchyma. In the phloem 
portion the most essential elements are the sieve-tubes (v), which serve 
for the conveyance of albuminous matter. They are always accom- 
panied by other living cells , either by the so-called companion 
cells (,s), or in addition by elongated parenchymatous cells, or by the 
parenchyma alone The companion cells are sister cells of the sieve- 
tubes, foi both have arisen by longitudinal division from the same mother 
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cell The companion cells are not so large as the sieve-tubes, and 
may be distinguished from them by their more abundant protoplasmic 
contents, and especially by the fact that they retain their nuclei, while 
the nuclei of the sieve-tubes soon disappear. In Monocotyledons (Figs 
117, 118), and m the Banunculaceae among the Dicotyledons (Fig. 119), 
the phloem consists solely of sieve-tubes and companion cells ; in the 
other Dicotyledons parenchymatous elements are also present, and these 
are accordingly distinguished as phloem or sieve parenchyma , 
no companion cells are found m Gymnosperms and Pteridophytes, 



Fig 11S — Longitudinal section of a 's ascular bundle fiom the stem of Zea Mcub. a and a', Rings ol 
an annular tiaclieid, v, sie\e-tuheb, % companion cells, cp, protophloem, 7, mtercellulai 
passage , tg, sheath , spnal tracheids (x ISO ) 


and m addition to sieve - tubes the phloem contains only phloem 
parenchyma. 

The bundles of the Phanerogams (Gymnosperms and Angiosperms) 
are generally collateral m structure, that is, the xylem and phloem 
are m contact on one side only. In stems the most usual arrangement 
of the two portions of a collateral bundle is that in which the xylem 
lies nearest the centre , in leaves the xylem portion lies nearer the 
upper, and the phloem portion nearer the lower surface. The xylem 
and phloem of roots generally form separate strands (Fig. 120, s, «), 
and m that case the arrangement of the vascular portion is somewhat 
altered ; for, while m stems the narrow vessels of the xylem are 
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nearer the centre, and the wider nearer the circumference, m roots 
this order is exactly reversed Closely allied to the collateral type is 
the bicollateral type of bundle. In the latter the xyletn is accom- 
panied by phloem on each side, both on the outside and inside Such 
bicollateral bundles are characteristic of the Cucurhtaeeae , but occur 
also in several other families of Dicotyledons. 

The vascular bundle strands of the Pteridophytes (Fig 121), 



Fig 119 — Tiaimeise section ol a vasculai bundle from a stolon ot lliauntoihr, lejmii, s Spual 
traclieids , m, 'vessel vvitli bordeiecl pits , c, cambium, v, sie\ e-tubes, nj, sliuatli ( x iso ) 

although usually termed concentric bundles, cannot be compared 
with the single vascular bundles of the Phanerogams, but correspond 
rather to an aggregated complex of such bundles. The centre of such 
a vascular bundle strand consists of tracheids (sp), and also, m special 
instances, of tracheae (sc). These elements show typical scalanform 
markings, and only the very smallest are spirally thickened ( sp ) The 
xylem parenchyma (Ip) surrounds the tracheal elements, while both 
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are encircled by phloem consisting of sieve -tubes ( i ) and phloem 
parenchyma (s). 


Such vascular bundle stiands occur m the Perns and Selagmellciecae, and also 
m the Lycopochaceae, where they exhibit even a greater degree of coalescence. 
In the Eqicisetaceae the vasculai bundles correspond more nearly to the collateral 
bundles of the Phanei ogams 


The vascular bundles are developed from strands of meristematic 
tissue which are called PRO- 
CAMBIUM strands. In those 
portions of plants which still 
retain an energetic vertical 
growth, the procambium strands 
remain undifferentiated, except 
at definite points, where single 
rows of cells lose their men- 
stematic condition and form 
narrow, annular, and spiral 
vessels and sieve-tubes, or sieve- 
tubes and companion cells, the 
structure of all of which is of 
such a nature as to render 
their elongation possible. Such 
primary vascular elements are 
termed protoxylem , while the 

corresponding sieve elements Fig 12° — Transveise section ot cential portion of 



are m like manner designated 


the loot of Acoius Calamus m, Medulla, s, 
xylem , v , phloem , p, pencycle , e 9 emlodermis , 
c, cortex (x 90,) 


PROTOPHLOEM The protoxylem 
occupies the innermost, the pro- 
tophloem the outermost side of a procambium strand, from which a 
collateral bundle is eventuallv formed After the vertical growth of 
any part of a plant ceases, the differentiation of the procambium 
strand into a collateral vascular bundle is continued from the inner 
and outer sides of the strand toward the centre. If the whole 
meristematic tissue of a procambium strand is exhausted in this 
process, the finally-developed vascular bundles are said to be closed , 
but if any of the meristematic tissue remains in an undifferentiated 
condition between the xylem and phloem portions, the bundles are 
spoken of as open The Pteridophytes have, almost without excep- 
tion, closed bundles , m Monocotyledons also the bundles are always 
closed (Fig 117), G-ymnosperms and Dicotyledons, on the contrary, 
have open bundles (Fig 119) 

The meristematic tissue which remains undifferentiated between 
the xylem and phloem portions of a bundle is called the cambium 
(Fig 119) 

In fully -developed vascular bundles the protoxylem and proto- 
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phloem cease to perform their functions. The protoxylem elements 
become compressed and ruptured by the tension resulting from the 
continued vertical growth (a and a\ Fig. 118), so that m their stead 
a lysigenic intercellular space is often formed (Figs 117, 118) The 
protophloem elements (cf. Figs. 117, 118) at the same time become 
disorganised, and their sieve-plates closed by a covering of callus 

In accordance with the oiientation of the xylem, the protoxylem 



Fig 121 — Tians\ erse section of the vabeulai -bundle cylinder of the pel, ole ot J'tatb mpuhna 
sc, Scalaiiform vessel's, v p , piotoxylem, pait of a transmse wall showing scalanfoim 
pei f oration s , Ip, j^ylem parenchyma, v, sieve-tubes, pi, piotopliloem , pp, staich layer; 
e, enclorlenms , s, phloem parenchyma ( x 240 ) 

of roots is found on the outer, not on the inner side of the vascular 
strands (Fig. 120) 

The Terminations of the Vascular Bundles — In leaves, particu- 
larly in the deciduous leaves of Angiosperms, the vascular bundles 
become much branched until finally they are reduced to extremely 
fine strands. In the leaves of. Gymnosperms this branching of the 
bundles does not usually take place, but instead, a single vascular 
bundle frequently runs throughout the whole length of the leaf. The 
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vascular bundles of the reticulate- veined leaves of Dicotyledons illus- 
trate the most extreme form of branching. 

The fine di&tnbution of the bundles m the leaf-lamma facilitates the legulai 
conduction of water to all parts of the leaf-tissue, and at the same time lendeis 
easier the removal of the assimilated products An extended distnhution of 
the bundles m the leaves is thus evidently of advantage to a plant In the same 
degree as the ramifications of the vascular bundles aie continued, the bundles 
themselves become attenuated and simpler m structiue (Fig 122) The vessels fust 
disappear, and only spirally and reticulately thickened tiacheids remain to piovide 
for the water -conduction The phloem elements undeigo a similar reduction. In 
Angiosperms, m which the sieve-tubes are accompanied by companion cells, the sieve- 
tubes become narrower, whilst the companion cells retain their original dimensions. 
Finally, m the cells forming the continuation of the sieve-tubes, the longitudinal 
division into sieve-tubes and companion cells discontinues, and transition cells aie 
formed With these the sieve-tubes teimmate, although the vascular portion of 
the bundles still continues to be represented by slioit spnal tracheids, until finally 
they too disappear, eithei terminating blindly or anastomosing with other vascular 
bundles 

The Fundamental Tissue System usually forms the principal part 
of the primary tissues of the body of a 
plant. The whole tissue of the lower 
plants, as it shows no internal differ- 
entiation, may, in a certain sense, be 
considered fundamental tissue. The 
other tissues have gradually been de- 
veloped from the fundamental tissue m 
the course of phylogenetic development 
The fundamental tissue in the higher 
plants is enclosed by tegumentary tissue, 
and traversed by the vascular bundle 
system. While the tegumentary tissue 
protects the plant externally, and the 
vascular bundle system performs the 
office of conduction, and also of me- 
chanically strengthening the plant, the 
duty of providing for the nutrition of 
the plant and of storing reserve food 
material falls chiefly to the funda- 
mental tissue. The fundamental tissue fig 122 — Tei ruination of a vasculai 
consists, therefore, for the most part of bmuUe m a leaf of imwtteas pat 1 1 - 
parenchymatous cells containing ehloro- J * 0,a ^ x 240 ^ 
phyll, at least to such depth as the light penetrates ; but internally, 
and wherever the tissues are so situated as to be unaffected by the 
influence of the light, a colourless parenchyma is found. The funda- 
mental tissue system also takes part m providing for the mechanical 
rigidity of plants, and in connection with this function it possesses 
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collenchyma (Fig. 87, c) and sclerenchyma as its special mechanical 
tissues. The COLLENCHYMA is unlignified and very elastic, and thus 
fitted for stretching , it is the form, of mechanical tissue suitable 
for those parts of plants still undergoing growth m length The 
sclerenchymatous fibres, on the other hand, are formed after growth m 
length has ceased, and sclereides arise even later. The elongated cells 
of the fundamental tissue also perform a certain share of the work of 
conduction, and are specially active in the transport of carbohydrates. 
Secondary or waste products, resulting from chemical changes, are also 
deposited m special cells of the fundamental tissue Consequently 
idioblasts (p. 83), containing crystals or rows of crystal -containing 
cells, are often met with in the fundamental tissues, together with 
cells, tubes, cavities, or canals containing tannin, gum, resm, ethereal 
oils, latex, or alkaloids. Such waste products are for the most part 



Fig 123 — Tiansveise f.ection of the petiole ol Nuj>liat lutemi 7, Intel cellulai an -space , 

i, ulmblast (xoO) 

deposited near the surface of a plant, in order to serve as a defence 
against destructive animals, or that they may afterwards be thrown off 
along with the superficial tissue Cells containing these waste products, 
particularly crystal cells and latex tubes, are often found, therefore, 
accompanying the phloem portion of the vascular bundles 

The Aioidcac, Nyvyphacaceae, and seveial othei plant families possess a peculiar 
lorni of idioblasts, the so-called internal hairs, which project into the intercellular 
spaces of the fundamental tissue In the wide intercellular passages of the leaf 
and flowei stems of the Water-Lily these idioblasts are stellate m form (Fig 123) 
Their walls are strongly thickened, and provided with short protuberances in w Inch 
small ciystals of calcium oxalate are deposited 

The Distribution of the Primary Tissues 

In the body of multicellular plants a distinction between an outer 
small-celled and firm tissue and an inner large-celled looser tissue 
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soon becomes apparent The outer tissues are best adapted for pro- 
tection, the inner for conduction and storage. The cells of the inner 


tissues accordingly become elon- 
gated for the purpose of conduc- 
tion The outer tissues in plants, 
which must provide independently 
for their own nourishment, con- 
tain chromatophores fitted for 
assimilation, and aie correspond- 
ingly coloured, while the inner 
tissues remain colourless. The 
outer portion of the fundamental 
tissue thus differentiated is called 
the cortex, the inner the medulla 
or pith. An epidermis, distin- 
guishable from the cortex, is found 
m some of the Mosses, but a sharp 
distinction between these tissues 
is first found in the more highly 
organised plants 

In the Stem of a Phanero- 



Fig 124 — Traus\eise section of an internode of 
the stem of Zea Mai* pi, Pnmary cortex, 
pc, pencycle , ci , \ascular bundles , gc, funda- 
mental tissue of the central cjlmdei (x 2 ) 


gamic plant there is an outer skin or epidermis (Fig. 125, e) on 
the external surface; then follows the primary CORTEX (Figs. 124, 
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125, p), and internal to this 
the so-called central cylin- 
der, for which Van Tieghem 
has proposed the name stele 
(column) The innermost layer 
of the primary cortex, which 
ma} r be designated by the term 
phloeoterma, is for the most 
part not distinctly differenti- 
ated, but can be recognised m 
the aerial stems of land plants 
as a starch-sheath ; while in 
the rhizomes of land plants 
and m the stems of water- 


Fig 1 2o — Pait of a tians\erse section of a joung 
stem of A) istoloclua fripho e. Epidermis, pr, 
pnmary coitex , st, staich - slieatli , c, cential 
cylmdei , pc, pencycle, m this case with a ring of 


plants it forms the ENDODER- 
mis Differentiated as a starch- 


sheath (Fig 125, st), the 


fecierench>ma iibret., u', phloem, ami ct", \jTem phloeoterma is rendered con- 

poitions ol tlie lasculai bundle, cb, cambium crummy bv flip rmanHl-v nf 
ling, m, medulla, ms, pnmaij medullaiy lay SplCUOUS Oy the quantity Ol 

(x 4 S) starch contained in its cells, 


when developed as an endo- 
dermis, portions of the lateial walls of its cells become suberised. 
In a cross-section these suberised portions of the cell walls of the 
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endodermis appear as dark spots (Fig. 126), but m a tangential section, 
as sinuous lines. The stele or central cylinder of the stem contains 
vascular bundles (Fig. 125, cv), which, in the Equisetuceae and some 
other Pteridophytes, as well as m the Gymnosperms and Dicoty- 
ledons (Fig. 125), are arranged in a circle, whereas m Monocotyledons 
(Fig 124) they are irregularly distributed In all these cases the 
xylem portion of the vascular bundle is directed towards the centre, 
and the phloem portion away from the centre of the stem That part 
of the peripheral tissue of the central cylinder lying outside of the 
bundles is called the pericycle (pc) or pericambium, and is the special 



Kig 120 — Tmnsveise section of an ad\eutitioub loot of Allium Uepa t, Pnmai> coitev , e, endo- 
deiiins , jt, peneycle , a 7 annulai tiaclieids , spual tiacheids , sc and scalaxifoiin vessels , 
v, phloem (x 240 ) 

seat of new growths. If the bundles are arranged in a circle (Fig. 
125), that part of the central cylinder enclosed by them is the pith or 
medulla (m), and the tissue between the different bundles the PRIMARY 
medullary RAYS. In the case of scattered bundles (Fig 124), a dis- 
tinction between medulla and medullary rays is no longer possible, 
and the whole tissue surrounding the bundles must then be considered 
as corresponding to the primary medullary rays The division of the 
tissue systems in the stems of the higher plants into epidermis, primary 
cortex, and central cylinder, brings with it a corresponding division of the 
fundamental tissue into the fundamental tissue of the primary cortex 
and the fundamental tissue of the central cylinder. Wherever there is 
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no sharp distinction between primary cortex and central cylinder, com- 
parative investigation alone can determine whether a tissue belongs to 
the primary cortex or to the central 
cylinder. Although the fundamental 
tissue of the primary cortex is pre- 
eminently a chlorophyll -containing 
tissue, portions bordering on the 
epidermis frequently become con- 
verted, for mechanical purposes, into 
strands of collenchyma or scleren- 
chyma. Such a mechanical tissue, 
which serves to strengthen the epi- 
dermis, is known as a HYPODERMA 
Of the tissues composing the central 
cylinder, the perieycle, the primary 
medullary rays, and medulla consist 
of fundamental tissue, and are chiefly 
composed of colourless parenchyma Fig 127 — Tians\ erse section of tlie lhizome 

A part, llOW e\ 6F, OI the tissue OI the stianrls (schizosteles), 7, scleiencli} matous 
pencycle may become sclerenchy- putes , ip, penpheiai zone of scieienchy- 
matous (Fig 125, pc); sclerenchy- tlbres ’ R > cortex ’ °P ulerims 

matous elements also often surround 

individual bundles as sheaths, or accompany the phloem portion in 
the form of strands (Figs 117, 119) Whenever such a sheath of 
sclerenchyma is developed about a bundle, it is always interrupted on 
both sides of the bundle, at the junction of the xylem and phloem 
j3ortions, by parenchymatous cells, or by cells which are only slightly 
thickened and ligmfied. These cells facilitate the exchange of crater 
and food material between the vascular bundles and the fundamental 
tissue, and are spoken of as transfusion strands 

In the case of Plianei ogams the cential cylmdei is simple and occupies a more 
oi less cential position In some few instances, however, it breaks up into several 
partial cyhndei s or schizosteles Such schizosteles aie found m the stems of 
Auricula and Guniierct The tissue that sunounds and separates these central 
cylinders coi responds to the pnniaiy coitex. 

The vascular bundle stiands (p 104) of the Ptendophytes aie also to be regaided 
as schizosteles In the stems of Feins they aie usually separated fiom one another 
(Fig 127) and situated m the fundamental tissue belonging to the pnniary 
coitex. This is also the case m the Selagmellas. In Lycopodium (Fig 128), on 
the contraiy, the schizosteles become united into a central gamostele In these 
ganios teles the xylem poitions of the single schizosteles foim sepai ate bands, whilst 
the alternating phloem portions are fused with one anotliei The vascular bundles 
of the JEquisctaccae (Fig 346), on the othei hand, are collateral. They are similar 
to those of Phanerogams, and, like them, aie ananged m a eucle within the central 
cylinder (cl) with the xylem innermost and the phloem outermost They sur- 
lound a laige medullary cavity (m) foimed by the disruption of the pith of the 
mtei nodes The central cylinder is completely enclosed by the primary cortex (ch) 
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In the stems of Ferns, strands 01 plates of scleieneliymatous fibres aie dispersed 
throughout the fundamental tissue, which belongs to the primary cortex These 
plates of sclerenchyma, paiticulaily noticeable fioin the bioun colour of the -nails of 
their fibies, surround and accompany the schizosteles. In Sclctymcllct , on the other 
hand, the schizosteles are suspended within mtercellulai passages by means ot cell 
filaments In the case of Lycopodium the gamosteles aie protected, and the rigidity 
of the stem secured by a strongly thickened inner zone ot the eoitex (Fig 128, vi) 

In Roots, the division between primary cortex and central cylinder 
is sharply marked by the endodermis, into which the innermost layer 
of the primary cortex is usually transformed (Figs 120, 126, e) The 
central cylinder becomes completely shut off from the piimaiy cortex 



Fig 12S — Tiansiei&e section ot btein of Lycopodium complunatinu tp, Epulunuis, u, n 9 pp, outei, 
inner, and mnei most parts ot the pumaiv coite\, suuounduig the ganiobtele , y, hcalautoim 
tiaclieids , sp, amuilai and spual tracheitis , r, phloem, (x 2b ) 

by the suberisation of the lateral walls of the endodermal cells, 
and by their close and uninterrupted contact. While, by this means, 
the passage of gases from the intercellular spaces of the cortex anto 
the central cylinder, and the consequent obstruction of the water- 
channels, are prevented, the passage of water from the cortex to the 
central cylinder can, at the same time, go on unhindered through the 
unsuberised inner and outer walls of the endodermal cells In this 
manner it is possible for the water, absorbed from the soil by the root 
hairs or by the surface of the roots, to be transferred to the tissues of 
the central cylinder. In the older parts of the roots, which no longer 
absorb water from the soil, the cells of the endodermis become greatly 
thickened, but generally on one side only Should the thickening 
occur at an early stage, then special endodermal cells, directly external to 
the xylem strands, remain unthickened and serve as transfusion cells 
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(Fig 129,/). While the root-hairs are as a rule developed from the cells 
of the epidermis, they may, in case the epidermis is thrown off with the 
root-cap, arise from the outermost cortical layer, which then assumes the 
functions of an epidermis. In any case the epidermis ultimately dis- 
appears, and the outermost cortical layer becomes cuticularised and, as an 
exodermis, takes its place In aerial 
roots the epidermis may become con- 
verted into a many-layered tracheidal 
ROOT-SHEATH (p. 100). 

The PRIMARY CORTEX OF ROOTS is 
composed of colourless tissue which, 
with few exceptions, consists wholly 
of parenchyma. Although the cells of 
the outer layers of the cortex are un- 
interruptedly m contact with one 
another, the inner layers are often 
provided with intercellular air cavities 
or passages. 

The outer layer of cells (Figs. 

120, 126, 129, p) of the central 
cylinder of roots often forms the 
pericycle (pencambium) , this usually 
consists of a single layer of cells, 
but may be many-layered or entirely 
absent. The xylem and phloem 
portions of the xylem bundles of 
roots form separate strands (p 103), radially disposed and alternat- 
ing with each other (Figs. 120, 126) It has already been shown 
that the narrowest elements of the vascular strand are outermost 
Roots are described as diarch, triarch, polyarch, according to the number 
of the radiating vascular strands. For example, the roots of Acorus 
Calamus (Fig 120) are octarch, those of Allium C&pa (Fig 126) he xar ch. 
The vascular strands may either meet m the centre (Fig. 126) or they 
may surround a central pith (Fig. 120). Like the corresponding 
tissfle in the stem, the fundamental tissue between the xylem and 
phloem strands may be termed primary medullary ray tissue. 

There is never more than one central cylinder m a root , m the tubers of 
Oichids the appaiently laige number of such cylinders may, on phylogenetic 
grounds, be considered as having resulted from a fusion of an equal number of 
roots. 

Leaves consist chiefly of fundamental tissue This tissue is a con- 
tinuation of the fundamental tissue of the primary cortex, and is termed 
the mesophyll It is traversed by vascular bundles, and covered ex- 
ternally with an epidermis. As the vascular bundles on entering a 
leaf are accompanied by fundamental tissue from the central cylinder 

I 


C 



Fig 129. — Fait of a transveise section of 
a loot of 1) is Jiot entmct e, Endodennis, 
showing cell walls thickened on one 
side , /, transfusion cell , p 9 pericycle , 
v 9 phloem , s, \essel of xylem , c, cortex 
( x 240 ) 
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of the stem, they are m reality partial cylinders or schizosteles. In 
Pteridophytes, the partial cylinders of the leaves join those of the stems, 
and both have the same structure , in Phanerogams each partial 
cylinder of a leaf includes only a single vascular bundle, so that as 
many partial cylinders as vascular bundles enter the leaf The nieso- 
phyll and the tissue of the partial cylinders always remain separated 
m the leaves The sheaths of fundamental tissue from the central 
cylinder, which often accompany the vascular bundles when they enter 
the leaves, eventually disappear with the repeated branchings of the 
bundles. The mesophyll thereupon forms a mesophyll sheath, which 
corresponds to the phloeoterma of stems (p. 109), and closes contigu- 
ously about the free ends of the bundles (Pig. 121). Thus, in the more 
highly organised plants, the EPIDERMIS, PRIMARY CORTEX, AND THE 
TISSUES OE THE CENTRAL CYLINDER, OR OF THE PARTIAL CYLINDERS, 
WITH THEIR VASCULAR BUNDLES, FORM ISOLATED TISSUE SYSTEMS, 
THE MUTUAL INDIVIDUALITY OF WHICH IS MAINTAINED TO THE 
VERY LAST ramifications The cells of the mesophyll sheath are char- 
acteristically elongated, and are distinguishable by their uninterrupted 
contact In addition to the isolation of the mesophyll from the 
tissue of the partial cylinders, the mesophyll sheath has also to 
perform the important function of taking up the carbohydrates in 
solution and of transferring them from the leaf to the stem The 
vascular bundles, in turn, provide the leaf with water together with the 
salts held by it in solution, and also carry away the albuminous sub- 
stances produced in the leaf. 

The leaf-bundles of Gymnospei ms are unbianched, and the necessary communi- 
cation betw een the bundles and the sun ounding tissue is maintained by means of 
bundle-flanges. On the vascular side of the bundle, the piojectmg flanges consist 
of dead parenchyma without protoplasm, the cells of which contain only water, and 
aie provided with bordered pits, so that m this lespect they lesemble tiacheids , 
on the phloem side the parenchymatous cells of the bundle-flanges aie full of 
living protoplasm The transfusion of the contents of the bundles and the sur- 
l ounding tissue is earned on by means of the bundle-flanges , the mesophyll receives 
its supply of water fiom the vascular poition, while the albuminous substances 
of the leaf-tissue aie in turn transferred to the phloem poition of the bundles' 

In certain lamilies of the Dicotyledons, particularly m the U> ctsbulaecac, the 
mesophyll of the leaf-lamma forms peculiar masses of tissue called the tspitheme 
between the swollen terminations of the bundles and the epidermis The cells 
ol the epitheme are small and, for the most part, devoid of chlorophyll , they 
aie full of water, and joined closely togethei, leaving only veiy small interspaces, 
which are filled with water The epithemes serve as internal hydatliodes (cf p 91) 
for the discharge of water, m most cases by means of v ater- pores (p 95) situated 
immediately ovei them. 

The mesophyll of the coloured floral leaves of the Angiosperms 
usually consists of a somewhat loose tissue, containing intercellular 
spaces and traversed by vascular bundles The laminae of many assi- 
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milating FOLIAGE leaves, especially of shade-loving plants, may have a 
similar uniform structure; but they aie usually more complicated, 
and exhibit a difference in the structure of their upper and lower 
sides (Fig 130). They are, accordingly, dorsiventral, and, in corre- 
lation with this difference in structure, their two surfaces react dif- 
ferently toward external influences In such dorsiventral structures 
the upper epidermis is succeeded by one or more layers of cylindrical 
parenchymatous elements elongated at right angles to the surface, and 
known as the palisade cells These are especially rich in chlorophyll, 
and contain only small intercellular spaces. Adjoining the palisade 
parenchyma, and extending to the epidermis (ep") on the under surface 
of the leaf, is a loose tissue called the spongy parenchyma. In contrast 
to the palisade cells, the cells of the spongy parenchyma are less 



buildct* , ej/', epidermis o t under (dorsal) suiface , ep w , elongated epidenual cell above a 
\a^cular bundle , pi, palisade paienchj ma , s, collecting cells , sp, spongy paienclnina , /*, 
ldiobla&ts with ciystals, m V with cijstal aggregate , si, stoma (x 3oO ) 

abundantly supplied with chlorophyll , they are also much more 
irregular m shape, and enclose large intercellular air-spaces The pali- 
sade cells are elongated in the same direction in which the rays of 
light* penetrate the leaf-lamina, and by this means are particularly 
adapted to their special function of assimilation. The spongy 
parenchyma, on the other hand, is arranged to facilitate the free 
passage of gases, and to that end develops large intercellular spaces 
m direct communication with the stomata of the under epidermis. 
Haberlandt has estimated that to every square millimetre of surface m 
a leaf of Manus communis there are, in the palisade cells, 403,200 
chlorophyll granules , m the cells of the spongy parenchyma only 
92,000 ; that is, 82 per cent of all the chlorophyll granules belong to the 
upper surface of the leaf, and only 18 per cent to the under side. 
The palisade cells are often arranged m groups, in which the lower ends 
of the cells of each group converge (Fig. 130). In this way several 
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palisade cells come into direct contact with a single expanded cell of the 
spongy parenchyma, which thus functions, apparently, as a collecting 
cell for a group of palisade cells The products of assimilation are 
passed on from the collecting cell through the spongy parenchyma, 
to be finally carried to the mesophyll pheath surrounding the vascular 
bundles. 

In the cross- section (Fig. 130) of a leaf of the Beech ( Fagas silvatica) only a 
small vascular bundle is shown The laige bundles are so surrounded by elongated 
collenchymatous cells that they appear as projecting nbs oil the under side of 
the leaf In other leaves the vascular bundles, especially on the phloem side, are 
accompanied by scleienchymatous fibies. Othei strands of selerenchynia which 
are independent of the vascular bundles aie often met with m the hypodeima. 
Single (i) and aggregate ciystals (/</) are also piesent m the mesophyll of leaves 
Often, as m the case of the Beech, cells containing single ciystals accompany 
the bundles throughout their whole course. In addition to crystal cells, all the 
other forms of secretory cells and glands may exist m leaves 

At the base of tire lamina the tissues close together and pass into 
the leaf petiole. The dorsiventral structure of the leaf becomes less 
evident in the petiole ; the cells become more elongated, either for 
the better performance of their conductive functions, or to enhance 
the mechanical rigidity of the tissue. In Angiosperms the partial 
cylinders of the leaf, usually an odd number, and each containing a 
single vascular bundle, arrange themselves in regular order as they 
pass through the petiole, and frequently form a how-shaped figure, 
opening upwards. On entering the stem the vascular bundles of the 
leaf join the vascular bundles of the central cylinder , the fundamental 
tissue of the leaf-cylinders becomes, similarly, united with the corre- 
sponding tissue of the central cylinders. In the petioles of Ferns, the 
partial cylinders are accompanied, as in the stem, by sclerencliymatous 
fibres. It is the peculiar arrangement of these brown-walled scleren- 
chymatous plates which forms the double eagle apparent on cross- 
sections of the petiole of Ptens cujuzlmcc, and from which it derives its 
specific name The partial cylinders of the leaves of Ptendophytes 
also join the partial cylinders of the stem, and their corresponding 
elements become united. 

The Course of Vascular Bundles — The bundles maintain a definite 
course and arrangement within the body of a plant It is some- 
times possible, by maceration, to obtain preparations in which the 
course taken by the bundles may be followed Similarly, by allow- 
ing a leaf, stem, or flower to lie in water until it has become softened 
and disintegrated, a skeleton formed by the more imperishable vascular 
system may be obtained. 

Vascular bundles which pass from a leaf into a stem, and continue 
for a distance in a distinct course, are called leaf-traces. The leaf- 
traces may be composed of one or more vascular bundles, and are 
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accordingly distinguished as one -strand or many- strand leaf- traces. 
Sometimes a single vascular bundle becomes branched, and so appears 
to be composed of more than one bundle Eventually, however, each 
bundle coalesces with another entering the stem from a lower leaf. 
The arrangement of the bundles in a stem varies according to the 
distance and direction traversed before the coalescence of the bundles 
takes place A relatively simple bundle arrangement may be seen 
in the Eqmsetaceae In this family the leaves are arranged in alter- 
nating whorls. From each leaf a one-strand leaf-trace enters the 
stem ; at the next lower node each bundle bifurcates, and each half 
coalesces with the bundles entering the stem from the leaves of that 
node. This arrangement of the bundles may be shown diagrammatic- 
ally, by representing the bundles as if on the surface of an unrolled 
cylinder, so that they all appear in one plane. This is shown in 
Fig. 131, and the connections of the bundles of the lateral branches 
with the bundles of the parent stem are also 

shown (g). As the branches, m the case of i 1 1 1 1 I 111 
the Eqmsetaceae, alternate with the leaves, their yAAAAA.'i* 
bundles on entering the stem are between I I ** 

two leaf-traces of the same node, and at once 
become fused with the leaf-trace which has 
come from the leaf immediately above them in 
the next higher node The arrangement of the 
bundles in the Yew ( Taxus baccata), although 
its leaf- traces have only one bundle, is much 
more complicated (Fig. 132), for the bundles gP\ 
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maintain a distinct course throughout twelve 
internodes before coalescing. 


Fig 131 — Diagiam shoeing 
the course of the asculai 
■bundles m the stem of 
Equisetunb a? reuse g, 
Fusion of \ascular bun- 
dles of the lateial shoots 
with those of the parent 
shoot 


Each bundle at 
first descends in a straight direction through 
four internodes ; it then curves to the side to 
give place to a newly-entering leaf-trace, with 
which it finally coalesces at the twelfth mter- 
node The position of a leaf necessarily deter- 
mines the point of entrance of its leaf -trace into the stem, and 
accordingly a diagram (Fig. 132) of the bundles of Taxus will exhibit 
a divergence of the leaf-trace corresponding to the T ’- divergence of 
the leaves The course taken by the leaf-traces in the stem, however, 
is independent of the leaf position, and varies considerably m different 
stems, although the divergence of their leaves may be the same. 

As a general rule, the leaf- trace bundles in Gymnosperms and 
Dicotyledons arrange themselves in a circle in the stem. There 
are, however, Dicotyledons in which the vascular bundles form two 
(Phytolacca dioica, Piper) or more circles (Amarantus, Papavei, Thahcti um ) 
In such cases the inner circle is usually more or less irregular. 

In the stems of Monocotyledons (Fig. 124) the vascular bundles 
are scattered, and without any apparent regular order. Their irregular 
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arrangement is due to the varying distances to which the bundles of the 
leaf-traces penetrate into the central cylinder of the stem. A common 
arrangement of the bundles in monocotyledonous stems is that of the 
so-called Palm type, in which each leaf-trace consists of the numerous 
bundles which pass singly into the stem from the broad leaf-base. The 
median bundle penetrates to the middle of the stem The depth to 
which the lateral bundles penetrate varies with their remoteness from 
the median bundle. In their descending course the bundles gradually 
curve outwards, and finally join other bundles near the periphery of 



Fig 132 — Diagram showing the course of the vasctilai bundles in a shoot of Turn s haccatu 

the stem. The number of mternodes, therefore, through which a bundle 
passes before coalescence is variable ; the median bundle, however, 
continues distinct for the longest distance. The deeper penetration 
and greater length of the median bundle become apparent in a median 
longitudinal section of such a stem (Pig. 133). In addition to the 
leaf-trace bundles or common bundles, which are common to both leaf 
and stem, there are others, called CAULine bundles, which belong solely 
to the stem, and again others, foliar bundles, which, on entering the 
stem from the leaf, at once coalesce with other bundles and have no 
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independent existence m the stem. The bundles enclosed in the 
partial central cylinder of the Pteridophytes are continued as cauhne 
bundles m the stem, and those from the partial cylinder (Schizostele) 
of the leaves join on to the bundles of the stem. 

The stems of many Dicotyledons (Begonias, Aralias) in addition to leaf-traces 
possess caulme bundles, which aie situated in the pith within the ring of leaf- 



Fit. 133 — Diagram showing the 
course of the vascular bundles 
of Monocotyledons of the Palm 
type, with alternating, two- 
laukecl amplexieaul leaves The 
numbers indicate the sequence 
of the leaves , m, median bundle 
(Aftei De B*ry ) 



Fit. 134 —Diagram showing the 
course of the \ascular bundles 
in a seedling of Taxits baccata. 
u, Cotyledons , |, course of the 
bundles m the part of the stem 
abo\ e the cotyledons, xylem , 
and , phloem after their sepa- 
ration 


trace bundles of tlie intei nodes ; while the airangement of the bundles at the 
nodes is more complicated, as the cauline bundles then branch and are connected 
with the leaf-traces. 

Within, the central cylinder of roots, the xylem and phloem strands 
pursue their vertical direction without deviation. If the changes 
occurring in the arrangement of the vascular bundles, during their 
passage from the hypocotyl (p. 45) into the root, be followed in a 
seedling, it will be found that the xylem and phloem portions of 
collateral bundles separate from one another, and at the same time 
the xylem portions twist through an angle of 180°, so that their 
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inner sides become turned outwards The separation of the xylem 
and phloem may be accomplished without any further division of the 
bundles, the xylem and phloem portions of which then simply arrange 
themselves side by side , or it may be accompanied by a complete 
radial division of the phloem, and a subsequent coalescence between 
the parts of the phloem of different bundles. In the adjoining figure 
(Fig 134) the transition stages occurring in the Yew ( 'l'axus baccata) 
are diagrammatically shown. The two vascular bundles from the 
cotyledons (cc), in their passage through the hypocotyl, undergo a 
radial division extending through the phloem to the protoxylem. 
The two halves of each xylem portion separate from one another, 
and the protoxylem strands turn through ISO 0 and thus come to lie 
on the inner side of the xylem strands. The two halves of the phloem 
portion separate from each other in a tangential direction, and 
coalesce with the phloem portion of the adjacent bundle. Thus, in the 
root, two phloem strands finally alternate with two xylem strands. 
At the same time, owing to the disappearance of the pith, there is a 
diminution in the diameter of the central cylinder of the roots. 

A Special Form of Growth in Thickness of the Stem by means 
of the Continued Enlargement of the Fundamental Tissue — This 
is often exhibited by many Palms. Eichler, has shown that growth 
in thickness is solely due to the continued expansion of the already 
existing cells of the fundamental tissue of the central cylinder In 
this process, by the expansion of the cell lumen and increased 
thickening of the walls, the strands of sclerenchymatous fibres accom- 
panying the vascular bundles on their phloem sides also become 
greatly enlarged. In this form of growth m thickness, which appears 
to be limited to the Palms, no new elements are formed 


The Secondary Tissues 

Through the activity of a cambial tissue, functioning either as a 
primary or secondary meristem (p. 90), secondary tissues are added 
to the previously existing primary tissues, or even substituted ' for 
them Although, phylogenetically considered, secondary tissues seem 
to have been developed first in the Ptendophytes m forms now only 
known in a fossil condition, Galamaneae, Sigillivneae , Lepidodcndm , they 
are now only of general occurrence in the Phanerogams, and m them 
the formation of secondary tissues is almost exclusively confined to 
the roots and stems. 

The Cambium Ring. — The cambium of the open vascular bundles of 
Gymnosperms and Dicotyledons, which exhibit a growth in thickness, 
commences its activity almost directly after the formation of the 
primary tissue. The cambium or primary meristem remaining between 
the xylem and phloem portions of the bundles consists of only a few 
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layers of thin-walled cells full of protoplasm. Of these cambial 
layers the middle one is termed the initial layer, and from it 
proceeds the development of new tissue elements. Its activity consists 
m a continued division by means of tangential and occasionally radial 
walls. The new cells thus continuously given off toward the xylem 
and phloem sides of the bundles experience another tangential division 
before attaining their definite form as elements of the xylem or phloem 
portions. The vascular bundles of G-ymnosperms and Dicotyledons 
capable of secondary growth are usually arranged in a circle After 
the cambium m the bundles begins its activity, a zone of tangentially 
dividing tissue, called the interfascicular cambium, develops in the 
primary medullary rays between the original bundles, and, uniting 
with the cambium m the bundles, forms a complete cambium ring. 
This cambium ring is thus composed of two distinct forms of meri- 
stematic tissue ; for while the cambium of the bundles or the FASCI- 
CULAR cambium consists of primary menstem (p. 90), the connecting 
zone of interfascicular cambium is of later development, and is con- 
sequently a secondary menstem (p. 90). A cross-section of a young 
stem of Aristolochut Sipho, with the cambium ring m process of 
formation, is represented m Fig. 135; m Fig. 136 a single bundle 
of the same cross-section, more 
highly magnified, shows the fas- 
cicular cambium in a condition 
of active division Within the 
bundle may be seen two large 
vessels (m"), in a still incom- 
plete state ; while m the ad- 
joining fundamental tissue the 
cells which give rise to the in- 
terfascicular cambium may be 
plainly distinguished All the 
tissue arising from the inner 
side of the cambium ring goes 
to form the WOOD, while that 

produced on the outside IS Fig 133 — Tians\ arse section of a stem of Ansto- 
termed BAST. The vascular lochia ,S hpho 5 mm m thickness m, Medulla, 



portions of the wood form the 
wood strands, the sieve por- 
tions within the bast the bast 
strands By the activity of 
the interfascicular cambium, the 


fvj vascular ‘bundle, vl, xjlem , cb, phloem , fc, 
fascicular cambium , tfc , intei fascicular cam- 
bium , p, phloem parenchyma ; pc, pencycle , 
si, ring of sclereuchynia ; e, starch - sheath 1 , 
c, pninai y cortex , d, collenthyma m primary 
cortex ( x 9 .) 


primary medullary rays are continued throughout both the wood 
and bast. As the wood and bast strands enlarge, secondary 
medullary rays are developed from the fascicular cambium. In 
one direction the secondary medullary rays terminate blindly in the 
wood, and in the other in the bast ; the later they develop, the 
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less deeply they penetrate the tissues on either side of the cambium 
The primary medullary rays are therefore often distinguished as 
long, the secondary as short medullary rays. The expression trans- 
verse parenchyma is also sometimes used to designate the medullary 



Fics 130 — Tiansverse section of a stem of A? ts tolochm Sipho in the first year of its growth, show- 
ing a vascular bundle with cambium in actne division p, Vascular parenchyma , vJp, pioto- 
xylem ; m' and m", vessels with bordered pits , interfascicular cambium in continuation 
with the fascicular cambium; v, sieve-tubes, cbp, piotophloem; pc, xiericycle ; sA, miiei part 
of ring of sclerenchymatous fibres ( x 130 ) 


rays, which in fact are composed almost exclusively of parenchymat- 
ous tissue. The cells given off by the initial layer of the cambium 
for the formation of medullary rays do not undergo a further division, 
as in other cases, hut assume at once the character of medullary ray 
cells. 


The cambium cells have, for the most part, the shape of right-angled prisms, ot 
which the radial diameter is smaller than the tangential. The ends of these prisms 
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are usually one-sided, tapei mg to a point, alternately on the light and left sides The 
length of the cambium cells varies m different plants, but those fiom which medul- 
lary rays are formed are the shorter The primary vascular portions of the bundles 
projecting into the medulla constitute what is known as the medullary sheath 

Owing to climatic variations, the cambium tissue of woody plants 
exhibits a periodical activity which results in the formation of 
annual rings of growth (Figs 137, 139, 145). In spring, during the 
period of energetic growth, larger tracheal elements are developed 
than in the following seasons (Figs 139, 146). For this reason a 



Fig 137 — Portion of a four-year-old stem of the Pine, Finns sylvestris, cut m wmtei q 9 Traus- 
\eise view, l , radial view ; t, tangential view; /, early wood, s, late -wood , m, medulla, p, 
protoxylem , 1, 2, 3, 4, the four successive annual rings of the wood , junction of the wood 
of successive years , ms, ms', ms'", medullary rays m transverse, radial, and tangential view , 
m<?" radial view of medullary rays m the bast , c, cambium ring , b, bast , \ resin canals , b? , 
bark external to the first periderm layer, corresponding to the primary cortex (x6) 

difference is perceptible between the early wood (spring wood), which 
is composed of large elements especially active in the conveyance 
of water (Fig. 139,/), and the late wood (autumn wood), consisting 
of narrow elements which impart to a stem its necessary rigidity (Fig 
139, s) Throughout the greater part of the temperate zone, the forma- 
tion of wood ceases in the latter part of August, until the following 
spring, when the larger elements of the spring wood are again 
developed. Through the consequent contrast in the structure of the 
early and the late wood, the limits (Fig. 137, i) between successive 
annual rings of growth become so sharply defined as to be visible 
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even to the naked eye, and so serve as a means of computing the age 
of a plant. 

Under certain conditions the number of annual 1 mgs may exceed the number of 
years of growth, as, for instance, when midsummer growth occurs, such as commonly 
happens m the Oak, when, aftei the destruction of leaves by cateipillais, a second 
formation of spring wood is occasioned by the new outgrow ths thus induced In the 
wood of tropical plants the annual rings may be entirely absent Tins occuis, foi 
example, m the tiopical Conifers of the genus Araucaria, which, in this lespect, 
show a marked contrast to the Comfeis of the northern zone Any intci ruption of 
growth, such as would occur during a di ought, followed by a period of lenewed 
activity, may occasion the formation of annual lings e\ en in tiopical plants 

Although a cessation in the formation of wood takes place so 
early, the cambium tissue continues to form bast so long as climatic 
conditions permit. As a rule, however, fewer elements are added 
to the bast than to the wood. Up to a certain period, in the age 
of woody plants, the elements of both wood and bast exhibit a 
progressive increase m size 

The living elements may remain in a state of greater or less activity 
throughout the whole of the wood, extending even to the pith , such 
wood is called splint wood . the Beech ( Fagus sylvatica) may be quoted 
as an example ; in the other wood, the heart-wood, the living elements 
die after a certain time, so that only dead tissues are found within a 
certain distance of the cambium. Before the death of the living cells, 
they usually produce certain substances, such as tannin and gums, 
which penetrate the cell walls of the surrounding elements, and also 
partially close their cavities. 

The tannins impart to the dead wood a distinct colour, often very 
characteristic, especially when it has been transformed into wood 
dyes, or so-called xylochrome. The tannin in the woody walls acts 
as a preservative against decay, while the gums close the functionless 
water-courses of the dead wood. The dead portion of the wood of 
a stem is called the heart-wood or duramen, m contrast to the living 
sap-wood or alburnum Usually the splint or sap-wood is at once 
distinguishable from the heart-wood by its lighter colour. In sotfie 
stems, however, the heart-wood does not change its colour. In that 
case, as the protecting materials are generally absent, it is liable to 
decay, and then, as so often occurs in the willow, the stem becomes 
hollow 

The sap-wood is limited, according to the kind of w ood, to a larger or smaller 
number of the youngei annual rings, and to it falls the task of v atei -conduction 
The distinction between sap- and heart -wood is shaipest where the lattei is 
dark-coloured, as m the Oak, with its blown heart-wood, and in species of Dws- 
pyros, whose black heart-wood furnishes ebony. The darker the heart-wood, the 
hardei and more durable it usually is The following may be mentioned as examples 
of woods which yield dyes and colouring principles — Haematoxylon eampecMcmwm, 
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L (Campeachy wood, logwood), witli a blue heait-wood fiom which hematoxylin 
is extracted , Ptei ocaiyus sautahnits , L. fil. (led sandal-wood), fiom the heart-wood 


of which santa lin is obtained , Oaesctl - 
pi7na brasiUensis , L , and C echmata , 
Lam. (Brazil wood, Pernambuco wood), 
with a red heart- wood which supplies 
brasilin , and the Alsage Orange, 
Madura aurantiaca , Nutt (yellow Brazil 
wood), which has a yellow heait-wood 
fiom which Morin is derived. 

Tyloses (Fig 138) aie also instru- 
mental m closing the water-courses of 
the heart-wood. These are intrusive 
growths fiom living cells, which pene- 
trate the cavities of the adjoining 
tracheal elements during the transition 
of the sap-wood into heart-wood In 
the foimation of tyloses the closing 
membrane of the pits of pitted vessels 
foims bulging ingrowths into the vessel 
cavities Such bulging mgiowths in- 
crease m size until seveial meet, and so 
more or less completely close the cavities 
of the vessels into which they have in- 
truded The closing membrane of the 



Fig 13S. — Transverse section of a vessel from 
the heart-wood of JRobima Pbeudacctcia, closed 
by tyloses , at a, a is shown the connection 
between the tyloses and the cells from which 
they have been formed (x 300 ) 


bordered pits m the heart-wood is pushed to one side, so that the torus presses 
against the opening of the pit and completely closes it According to H 
Mayr, resin does not penetrate the \v alls of w ood cells under normal conditions ; 
the wood of Comfeis only becomes resinous through the impregnation of the cell 
walls with resin, alter they have become dried up through wounds or othei causes. 
The lesm-ducts of Conifers may also he closed by the foimation of tyloses 


The elements of secondary growth in Gymnosperms and Dicoty- 
ledons differ. The vascular strands of Gymnosperms are composed 
almost exclusively of tracheids (Fig. 139). These are provided with 
bordered pits which are situated, for the most part, in their radial 
walls With the exception of the genus Ephedra, true vessels are not 
found in the secondary growth, nor in the primary vascular portions, of 
the bundles of Gymnosperms. The wood produced by the cambium 
consists of radial rows of tracheids, the number of which is occasionally 
doubled by the radial division of a cambium cell (Fig 139, a). The 
tracheids of the early wood (/) are distinguishable from the late 
tracheids (&) by their larger lumma 


In the Pine, the early as well as the late tiacheids have bordered pits in their 
ladial walls only , while in other Conifers they are present also in the tangential 
walls of the later-formed tracheids The boidered pits in the early tiacheids are 
not only more numerous, but also larger than those in the later tracheids (Pig. 
141, t) The tracheids are often over a metre long, much longer than the cambium 
cells from which they are developed They attain this length by a subsequent 
growth, during which their growing ends become pushed m between one another 
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In. addition to the tracheids, small amounts of wood parenchyma 
are also produced in Gymnosperms by a transverse division of the 
cambium cells It is m the parenchymatous cell rows of the wood of 
Pines, Spruce-Firs, and Larches that the schizogenous resin-ducts are 
produced (Fig. 139, h ). In other Conifers the wood parenchyma con- 
sists of simple rows of cells, which afterwards become filled with resin 
In the structure of their secondary tissue the wood strands of 
Dicotyledons exhibit a great variety of form. These structural differ- 
ences may, however, be reduced to a few phylogenetic variations In 
fact, it is customary to derive all the elements entering into the fornia- 





Flo Id*) — Tianb\eise section ot the wood ot a Pme at the junction vt two annual rings f, Eailj 
wood, s, late wood, t , bouleied pit, ‘t, intei position ot a new row ot tiacheids lesultmg liom 
the radial division ot a cambium cell , h, lesm canals, m, medullary ia> s, 7 limit of late 
w ood ( x 240 ) 

tion of the wood of Dicotyledons from the two classes of tissue already 
met with in the Gymnosperms, tracheal tissue and the parenchymatous 
tissue of the wood. To the tracheal tissue belong the tracheids (Fig. 
143, t ) and the vessels (g). Under the parenchymatous tissue of the 
wood are included wood parenchyma (Fig 144, hjj), with relatively 
short cells rich in contents * fibrous cells (ef), of greater length, but 
with similar contents and not more strongly thickened , and wood 
fibres (h), which are usually greatly elongated, pointed at both ends 
and strongly thickened. 

The tracheal tissue consists ot elements which lose their living contents at 
an early stage, and in their fully -dev eloped condition are m reality only dead 
eell cavities. In this class are included tracheids having relatively wide lumma 
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and large boidered pits (Fig 143, t), and often also spirally thickened tiacheids 
which seive as water-cairieis , vascular tracheids (gt), -with similar functions, 
but with the structure and thicken- 


ings of vessels , fibre tracheids 


(ft), with small lumina and pointed C 

ends, having only small, obliquely ~~ J 1_ A ^ 

elongated bordered pits, and, m ex- £s§^\>== ^ / ' 

tieme cases, exercising merely me- * 

chamcal functions , and finally tea- ^(" "if F'^-" 

cHEiE (g), framed by cell fusion, and y. j\ _ )} l _ ji - — ! [ jj 1.ZIL 

piovided with all the diffeient forms “(Ml ~j|jj j( 
of thickenings by which they are 'Y^'' 

distinguished as annulai, spiral, 3- - =r~ ■ J / ' == ^ = 'f^h 

leticulate, or pitted vessels All r J(~}/ V^"==^( htU'C 

vessels function as water-carrieis. If )( // 

they have small lumina and resemble yjr ^(^fT±C~^) 

tiacheids, they may be distinguished j ^ j/~F' ^ 

as TRACHEIDAL VESSELS (tp); if, as is JF - /■ s —f a --Fr^F" 

geneially the case, they have boidered <* F — — Tfcjfl — -f, - j 'F~~ -■ ^ 

juts on their lateral walls, they aie Jljjgffir 

usually piovided with tertiaiy thick- «? D -^FE^( Q O F 

emng layers m the form of thm spnal 1 4 f — — A jUir^f- 

bands (Fig 14S, m) In the paien- " iw 

chymatous tissue of the wood, the Fig 140 — Paitof a tians\eise section of the stem 
cells (Fig. 144) generally letam their of a Pme s, Late wood, c, cambium, i, sieie- 
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cells (Fig. 144) generally letam their of a Pme s, Late wood , c, cambium, i, sie\e- 
1 iving contents, and never develop tubes, p, bast parenchyma, l , cell of bast 

tiue bordered pits with a trails 111 Paieuohjiua, contaimngciystal, ct, «« .e-tubes, 
, , compressed and functionless , m, mednllaij- raj 

the closing membiane, which are (x 240 ) 

so chaiac tens tic of the water-con- 
ducting elements All tissues of this class may be best derived from wood 
parenchyma The wood parenchyma is produced by transveise divisions of 
the cambium cells, and accoidmgly consists of rows of cells (7ip) with transveise 
division walls, and others obliquely disposed, which correspond to the alternately 
differently pointed ends of the cambium mothei cells The cells of the wood 
parenchyma are provided with simple round oi elliptical pits, varying m size in 
different kinds of wood ; they geneially contain starch , and some of them al&o 
take up by-products, resulting fiom metabolism, oi from the chemical changes taking 
place within a plant m the processes of its nutation and giowtli The cells having 
the -^closest lesemblance to those of typical wood parenchyma aie the so-called 
fibrous cells (cf) In then contents, as well as m them w all thickenings, they 
are similar to the cells oi wood paienchyma, but aie formed dueetly from one 
entire cambium cell In their foimation, the cells of the cambium tissue do not 
undergo a transverse division, but become more or less elongated and fibrous The 
libriform fibees oi wood fibres (h) have a similar origin, but aie even more elon- 
gated and have thicker walls, and, at the same time, narrow, obliquely elongated, 
simple pits Although the w 7 ood fibres may continue living, m the more extremely 
developed forms ( h ) they lose their living contents They are then filled with 
air, and their function is meiely mechanical TJndei certain conditions, by later 
transverse divisions, the libnform fibres may become transfoimed into septate 
wood fibres (gh). The transverse septa thus formed remain thm, and form 
a striking contrast to the moie stiongly thickened lateral walls. 
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While the tracheal tissues are engaged in providing for the conduc- 
tion of water, the duty of conducting and storing the products of 
assimilation, in particular the carbohydrates, is performed by the 
parenchymatous tissues of the wood Both forms of tissue, however, 
aid m maintaining the rigidity and elasticity of the plant body, and, in 
their most extreme development, furnish such elements as the fibre 
tracheids on the one hand, and on the other the empty wood fibres, 
which are only capable of performing mechanical functions. 

The wood of Dicotyledons is made up of the elements of these 



Pig 141— Radial section of a Pine stem, at the junction of the wood and bast „, Late 
tiaeheids, t, bordered pits, e, cambium, v, sieve-tubes, vt, sieve-pits, tm, tiacheid.il medul- 
lary ray cells, sm, medullary ray cells m the wood, containing stnch, mu', the same, in the 
bast, cot medullary lay cells, with albuminous contents ( x 240 ) 

ft 

two classes of tissue, the tracheal and the parenchymatous, but all the 
different elements are not necessarily represented in any one kind 
of wood 

Dnmys, a genus closely allied to tlie Magnolias, is the only Dicotyledon of 
which the wood is formed solely of tracheids. This Dicotyledon closely resembles 
the Comfeis in structure. In numerous Lcgummosac, Willows, Poplars, and species 
of Ficus, on the other hand, the tracheal tissues are only represented by vessels, 
which pei form the task of water-conduction. In the wood strands of these plants 
there are also present wood parenchyma and a laige amount of wood fibres, which 
contain only au. In Maples, on the contrary, the wood fibres contain living proto- 
plasm and starch ; this cucumstance renders the formation of wood parenchyma 
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m Maples to some extent superfluous, and it is therefore sparingly developed In 
addition to wood fibres tlie Maple chiefly develops vessels, while the foimation of 
tracheids is restricted to the late wood. The mechanical elements of the wood of 
tlie Ivy ( Heclera Helix) and Grape-Vine ( Vitzs %imfeia) are septate wood fibres In 
Oaks, Beeches, and m the Itosijlorcce wood fibi es are absent, and the necessary rigidity 
is provided for by fibre tracheids The w ood of the Lime (Figs 145-148) is composed 
of vessels (Fig 146, m) 9 tracheids ( t ), wood parenchyma (j?), and wood fibres (7). 



Fig 142 — Tangential section of the late 
wood of a Pine t, Boidered pit, tm, 
tracheidal medullary ray cells, sm, 
medullary ray cells containing starch , 
et , pit hoideied only on one side,z, 
intercellular space in the medullaiy 
ray (x 240) 



Fig. 143 — Elements of the tracheal tissue of tlie 
wood , diagrammatic (For description, see 
text ) 


The vessels and tracheids fonn ladial rows, alternating with rows of wood fibres. 
In the early wood wide pitted vessels are produced, the foimation of which aftei- 
wards ceases, and m tlie late wood only tracheids are formed (Fig 146, t) The 
annual lings are thus sharply defined (Fig 146, t) The new vessels of the succeeding 
spring join the tracheids of the previous year, and m this way a sufficient connection 
foi the water tiansport is obtained All transitional forms between vessels and 
tracheids are to be found m the wood of the Lime. Besides bordeied pits, tertiaiy 
spiral thickenings aie also developed m the tracheal elements The wood fibres 
(Figs 146, 147, 148, 7) aie relatively thin- walled, with wide cavities and nanow 
elongated pits, and contain air The wood parenchyma (Figs 146, 148, p) foims 
mteriupted tangential bands. 
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The tracheal water-courses in the wood of Dicotyledons are more 
or less completely isolated from each other Their isolation is the more 
complete where, as in. the Leguminosae, Willow, and Ficus , vessels are 
the only water-carriers. If both tracheae and tracheids are present, 
as in the Lime, then the tracheids unite the tracheae together and the 
conduction of water is rendered possible in all directions. In any 
case, a union exists at the junction of the annual rings, between the 
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Fit, 144 — Elements of tlie 
paienchymatous tissue oi 
the wood , diagrammatic 
(Foi clescnption, bee text ) 



Fig 145 — Tiansveise section of a stem ot I'du* 
pm nfolat , in the fouitli 3 ear of its growth 
2 *?, Primal y coitex, c, cambium img, t/, bast, 
prnnax y medulkii} ia> , pm\ expanded ex 
tiemity oi a primal y medullaiy lay, v»i, second 
aiy medullary lay , e?, limit of third >lxu’s wood 
(X 0) 


tracheal tissues of successive years. Large vessels are characteristic of 
climbing woody plants (Lianes, Fig. 151), but they are accompanied 
by smaller ones, with which they are in communication. When 
both large and small vessels are present together, the smaller appear 
to act as water-carriers, while the larger are utilised as water-reservoirs. 
Whenever communication takes place between tracheal elements, and 
it always occurs when they are in direct contact, it is effected by 
means of bordered pits or actual openings. The distribution of the 
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living elements m the wood strands always bears a distinct relation to 
the water-courses which they accompany, enclosing them m a more or 
less complete sheath. The living cells adjoining the tracheal elements 
are in communication with them by means of one-sided bordered pits. 
When such pits occur in living cells the pit cavities are absent, but 
present in the case of tracheal elements ; they differ from the true 
bordered pits in the absence of a torus on the pit-closing membrane, and 
in being unKgnified. No communication exists between the tracheal 
elements and the dead wood fibres ; in cases where they adjoin each 



Fitr. 140 — Portion of a transverse section ot tlie wood of TiUa jxu vi folia w, Large pitted vessel, 
t, tracheicU , 7, wood fibre, p, w T ood parenchyma, r , medullary ray (x 340 ) 

other there are either no pits developed or they are extremely small 
and few in number. 

The elements of the bast strands of Gymnospernis and Dicoty- 
ledonous woody plants may be referred, just as in the case of the 
wood strands, to two distinct forms of tissue, the sieve-tube and the 
parenchymatous portion. The former is composed of sieve-tubes, or 
sieve-tubes with their companion cells Its function is the conduction 
of proteid material , that of the parenchymatous tissue, on the other 
hand, is the conduction of the carbohydrates and the absorption of the 
by-products of metabolism. The phloem tissues remain functional only 
a short time, they afterwards lose their contents and become, for the 
most part, crushed and disorganised. 



132 


BOTANY 


PA.KT I 


In the bast strands of Gymnosperms, the phloem elements produced 
by the cambium (Fig. 140, c ) consist solely of sieve-tubes, the paren- 
chymatous cells of the bast parenchyma (p and k), and, in certain cases, 
of bast fibres. These elements of the bast generally form alternating 
bands. 

In. the Pine and otliei related Abietmccie the bands of sieve -tubes are m- 
tenupted only by bands of bast parenchyma containing staich (Fig 140, p), and 



Pig 14? — A laclial section of the wood 
of Vilta paiwjoha, showing a small 
medullaiy laj g, Vessel, l, wood 
iibies, / m, medullary iay cells in 
communication with the water-combes 
by means ol pits , tm, conducting cells 
ol the medullaiy laj (x 240 ) 



Fig 14S — Tangential section nt th^wnod 
of TiUct pen vi folia w 9 Pitted \esstd , 

t, spnal tuulieids, wood paien- 
chyma, 7, wood hbies, medullaiy 
lays (xlOO) 


also tannin-like substances and ciystals (&•) deposited in tangle, \eitieal lows ol 
cells Othei Conifers, the Arm; cane ae, Taxmcae, and some of the Cup) cssinmc, 
exhibit definite, veitical lows of bast parenchyma cells which are characterised by 
then- abundant albuminous contents. These cells stand m close relation to the 
sieve-tubes and take the place of companion cells, which are not found m Cymno- 
spexms. In the bast of the Taxmccie, Cupi essmeae, and other nearly related 
families there also oecui tangential bands of strongly thickened bast fibres, 
which alternate regularly wuth tangential bands ol sieve -tubes and bast 
parenchyma 
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Crystals of calcium oxalate may be deposited in the thickening layeis of the 
bast fibres, or in then middle lamella The single elements composing the sieve- 
tubes communicate by means of terminal sieve-plates The sieve-tubes of Conifers 
have also sieve-pits on their radial walls, which (Fig. 141, vt) conespond m 
position to the bordered pits of tracheids At a certain distance from the cambium 
the sieve- pits, both terminal and lateral, become overlaid by callus-plates. During 
the vegetative period following their development, the sieve-tubes become empty 
and compressed together (Fig. 140, cv). The rows of bast parenchyma cells con- 
taining albuminous substances, which are found in some Conifers, undergo dis- 
oigamsation at the same time as the adjacent sieve-tubes ; the bast parenchyma 
cells which contain staich, on the othei hand, continue living foi yeais, and even 
increase m size, while the sieve-tubes become disorganised. 

The elements of the phloem tissue included in the bast strands of 
■woody Dicotyledons are represented by sieve-tubes and companion 
cells. To the parenchymatous tissues of the bast belong bast paren- 
chyma, bast FIBRES, and transitional forms between them. The bast 
fibres, like the fibres of the wood, may occur m an unthickened form 
as FIBROUS CELLS, either with or without living contents, or they may 
be filled with starch, and finally may become septate. 

The bast parenchyma conducts and stores the carbohydrates, and 
also takes up the by-products of metabolism, even to a greater degree 
than the parenchymatous tissues of the wood Just as m the case of 
the Gymnosperms, the sieve-tubes of Dicotyledons remain functional 
but for a short time, afterwards becoming empty and compressed. 
The companion cells experience the same fate as their sister-cells, the 
sieve-tubes, while the starch - containing bast parenchyma remains 
active for many years. The different appearance presented by the 
bast of various woody Dicotyledons is due to the larger or smaller 
lumen of the sieve-tubes, to the presence or absence of bast fibres, and 
also to the manner of distribution of the component elements. 

An example of bast with an especially regular arrangement is afforded by the 
Lime (Fig 149) In a cross-section, even under a low magnifying povier, an 
alternation of shining white and dark - coloured tangential bands is noticeable. 
"When moie highly magnified, it can be readily seen that the white bands consist of 
strofigly thickened bast fibres (Fig 149, l) Adjoining them, there follow, towards 
the periphery, one layei of bast parenchyma cells (p), then a zone of wide sie\ e- 
tubes (v) and small companion cells (c) ; next to these come two layers of bast 
parenchyma (p), abundantly supplied with starch, and followed by a single 
mtenupted layer of bast parenchyma cells containing crystals (l'), and finally, 
another band of bast fibres (Z). The faither removed the sieve-tubes and companion 
cells are from the cambium, the more crushed they become, until ultimately they 
appear as a compressed mass of coll walls without cell cavities 

The medullary rays of the Gymuosperms (Fig 137, ms) and woody 
Dicotyledons (Fig. 145, j pm, sm) form radial bands, composed wholly 
or m part of parenchymatous elements. Their function is to supply 
the cambium and wood with the products formed in the leaves 
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and conveyed away by the bast The medullary rays in this 
way link together by radial bands of living cells the protoplasm-con- 
taining elements of the bast and wood, thus uniting all the separate 
living tissues of the stem. The medullary rays are in turn accom- 
panied or, if many-layered, traversed by intercellular air-cavities, 
which, beginning in the periphery of the stem, penetrate the cambium 
and communicate with all the intercellular spaces throughout the 
living elements of the wood and bast. All the living elements are 
kept in communication with the atmosphere by means of the inter- 



Fig 149 — Poition of a transverse section of the bast of Trtia parwfoha v, Sie\ e-tubes , sieve- 
plate , c } companion cells, A, cells of bast paienchyina containing crystals, bast paren- 
cliyma ; l, bast fibres , r, medullary ray (x 540 ) 

cellular spaces of the medullary rays, and the necessary interchange 
of gases is thus rendered possible. 

The substances contained in the parts of the medullary rays 
within the wood, chiefly consisting of starch, tannins, resin, and crystals, 
are essentially the same as those in the wood parenchyma In the 
medullary rays of certain Gymnosperms, particularly in the Pine, 
single rows of cells, without living contents and situated usually at 
the margin of the medullary bands, become tracheidal in structure 
(Fig 141, tm), and united with one another and with the tracheids by 
means of bordered pits. Their purpose is to facilitate the transfer of 
water radially between the tracheids. In other Conifers, where such 
tracheidal elements are not found in the medullary rays, bordered 
pits are developed in. the tangential' walls of the tracheids of the late 
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wood, and by means of them is effected the transfer of water in a radial 
direction. The living cells of the medullary rays of the wood bear the 
same relation to the water-carriers as does the wood parenchyma, and 
like them are connected with the water-conducting elements by means 
of bordered pits. They take up water from them and give it out 
again, as it may be needed, to other living cells ; on the other hand, in 
the spring, at the beginning of the season of growth, they press into 
the water-courses the products of assimilation, in particular glucose and 
small quantities of albuminates, in order that these substances may be 
transferred in the quickest way to the points of consumption. 
Accordingly, during the winter and in the beginning of spring, sugar 
and albumen may be detected in the tracheal elements, and may then 
be obtained from the watery sap of “ bleeding ” trees, or from artificial 
borings or incisions, particularly in such trees as the Maple, Birch, and 
Hornbeam. In the wood of Dicotyledons it is usually only special 
rows of the medullary ray cells which stand in such close relation 
with the tracheal tissues. In these special rows, generally on the 
margins of the medullary rays, the cells are elongated vertically, and 
on that account have been distinguished as VERTICAL MEDULLARY RAY 
cells. The other cells, or those of the middle layers of the medullary 
bands, on the other hand, are called HORIZONTAL MEDULLARY RAY 
cells ; they are narrower and more elongated radially. These have, 
moreover, no especial connection with the tracheal elements, but are 
designed for conducting and storing assimilated matter. In the medul- 
lary rays of the Lime (Fig 147), although this specialisation of the cells 
is not so evident as in many other cases, the marginal cells of the medul- 
lary raj^s are, nevertheless, particularly noticeable, as they alone have 
bordered pits on the sides toward the vessels (g), and are also wider 
than the other cells of the inner rows. 

Within the bast zone the medullary rays are also distinguished as 
cortical rays, and in the bast of Dicotyledons they have a simpler 
structure than in the wood. It is evident, not only from the con- 
nection existing between the cells of the medullary rays and the bast 
parenchyma, but also from the relations exhibited in Dicotyledons 
between the medullary ray cells and the companion cells of the 
sieve-tubes, that the function of the cortical rays is to take up the 
substances passing down the bast strands. For not only is the bast 
parenchyma m communication with the cells of the medullary rays by 
means of bordered pits, but the companion cells are so disposed on the 
sides of the sieve-tubes as more surely to come in contact with the 
medullary rays 

In the Pme and othei Abictineac , whose bast parenchyma *is devoid of cells 
functioning as conductors of albuminous matter, their place is taken in this respect 
by rows of medullary ray cells (Fig. 141, em) These maintain an intimate 
connection with the sieve-tubes by means of sieve-pits. They lose their contents 
in the same manner as the sieve-tubes, and, like them, become conipiessed and 
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disorganised On the othei hand, the cells of the cortical lays, which contain 
starch, like the similar cells of the bast parenchyma, increase m size, and pushing 
between the compressed sieve-tubes, continue living for years. 

The division of labour within the medullary rays of the Gymnosperms and 
Dicotyledons is so well cained out, that only the lows of elongated, conducting 
cells aie accompanied by intei cellular an -spaces When the w r alls of such cells are 
much thickened, they are pierced with pits which open into the intercellular an- 
pa&sages, and so facilitate the intei change of gases 

The width and height of the medullary rays may be more easily determined 

from tangential than from ladial sections 
In such tangential sections the medullaiy 
rays appeal spindle-shaped (Figs. 141, 
148). With few exceptions, as m the 
Oak and Beech, the medullary rays aie 
laiely of more Ilian limited dimensions. 
The Oak, in addition to numerous small 
medullary lays, has other laiger lays 
which may be as much as a millimetre 
broad and a decimetie high In the 
Poplar, Willow', and Box the medullaiy 
rays are so extremely small that they aie 
scaicely visible, even with the aid of a 
magnifying -glass The height of the 
broad pi unary rays of many Lianes, on the 
other hand, may be equal to th&t of a whole 
mternode. In certain Comfeis, lesin-ducts 
occur not only m the wood, but also m the 
broader medullaiy rays. These radial 
lesm- ducts are m communication with 
the veitical ducts It is due to this fact 
that such a large amount of lesm exudes 
from wounds in Pine or Fn tiees. 

The roots of Gymnosperms and 
Dicotyledons, in which the stems 
increase in thickness, also show a 
similar growth in thickness. 
Whenever secondary growth begins 
in a root with its xylem and 
phloem strands alternating with 
each other (Figs, 120, 126), areas of 
cambium arise on the inside of the phloem strands, through the 
division of the fundamental tissue ; these give off wood elements 
towards the centre of the root, and bast towards the periphery. These 
cambium areas soon meet m the pencycle, just in front of the xylem 
strands, and so form a complete zone of meristematic tissue. In Fig 
150, A, this process is diagrammatically represented. As a result of the 
activity of its cells the cambium ring soon loses its sinuous form, and 
becomes a simple ring. In front of the primary vascular strands (g'), 



Fig 150 — Diagrammatic lepresentation of the 
growth in. thickness of a dicotyledonous 
root jp?, Primary coztex , c , cambium 
ring , g\ pi unary vasculai strand , s\ 
primal y phloem strand , p, pericycle , e , 
endodermis, g ", secondary wood, s", second- 
ary bast , 7v, periderm 
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the cambium produces medullary ray tissue, and this constitutes 
the broadest medullary rays which lead to the strands of primary 
xylem (Fig. 150, B). A cross-section of such a root, in which the 
secondary growth has continued for some years, can scarcely be 
distinguished from a cross-section of a stem By careful examination, 
however, the presence of primary tissue in the centre of the root can 
be discovered, and its nature thus determined. The wood of the root 
is also more porous than in the stem, and bears a close resemblance to 
early wood. On account of this lack of differentiation in the wood, the 
annual rings of growth are less distinctly defined in roots than in stems. 

Anomalous forms of Growth in Thickness. — Extraordinary deviations fiom the 
usual type of secondary growth are afforded by some stems and loots of Gym no - 
sperms and Dicotyledons. Among the Gymnosperms m the Cycadciceac and 



Fic, 151 — Transverse section of the stem of Mucuna cdtissima 1 , 2, 3, Succe&si\ ely formed zones 
of 'wood , 1*, 2 , 8 , successively formed zones of hast (3 nat size*) 

certain species of Gnetum , m the Chenopodiaceae, Amarantaceac , Nyctagmaceae, 
Phytolaccaceae , and other families of Dicotyledons, the cambium vs hich has been 
formed m the ordinary manner soon loses its function, and a new cambium ring is 
developed external to the bast zone, for the most part in the pencycle, or in a 
tissue derived from it* This cambium ung forms ■wood on the inside and bast on 
the outside, with the accompanying medullaiy rays It then ceases to divide, and 
a new ung takes its place. This process repeats itself, and ultimately leads to the 
formation of concentric wood and bast rings, which, m cross-sections of the sugar- 
beet, may he distinguished with the naked eye These concentric zones may be 
still more plainly seen m a cross-section of 1 Miimna altiss%ma (Fig 151), a Liane 
belonging to the order Pctpihonaceae. The stem show s m this case an inner axis 
of wood (1) surrounded by a zone of bast (1*) ; next follows a cylinder of wood (2) 
and bast (2*), and finally a third (3, 3“* ) in piocess of formation in the midst of 
the pencycle An extraordinary appearance is exhibited by cross-sections of stems, 
which show- several separate wood cylinders (Fig 152). Such a structure is 
peculiar to various tropical Lianes of the geneia Serjama and Paulhnia belonging 
to the family Sapmdaceae. This anomalous condition arises from the unusual 
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position of tlie primaiy vasculai bundles, which are not arranged in a cncle but 
form a deeply lobed ring , so that, by the development of interfascicular cambium, 
the cambium of each lobe is united into a separate cambium ring Each of these 
lings, independently of the others, then gives use to wood and bast (Fig 152) 
An even moie peculiar structure is exhibited by many Lianes of the Biqnomciccac, 
the wood of which is cleft by ladially piojectmg masses of bast (Fig 153) The 
primary stem of the Bignomaccac shows the oidinary circular auangement of the 
vascular bundles. Wood and bast are at fiist produced from the cambium ring m the 
usual manner, and foim an mnei, normal wood cylinder of axial wood Such 
normally formed axial wood cylinders are common to many, otherwise abnormally 
developed Lianes The cambium ung of the Bu/nomaccac, aftei perfoimmg for a 
time its normal functions, begins, at certain points, to give off internally only a 
veiy small quantity of wood, and externally a correspondingly laige amount of 


<7 



Fig 152. — Transverse section of 
the stem of Serjaiiict Lcnuot - 
tcana si, Part of the rup- 
tured sclerenchymatous ring 
of the pencycle , l and Z v , hast 
zones , Ig, wood , m, medulla 
(X2) 



Fig 153 — Tiaas\eise section of the stem of a Ihqnoma 
(Nat size) 


bast As a result of tills, deep wedges of irregularly widening bast pioject mto the 
outei so-called periaxial wood (Fig 153) The originally complete cambium 
becomes theieby broken into longitudinal bands, which are broader in front of^the 
projecting wood than at the apices of the hast wedges As the periaxial wood 
is always developed from the inside, and the wedges of bast from the outside of 
their respective cambium bands, they extend past each other without forming any 
lateral connection. 


Secondary Growth of Monocotyledons. — As we have already 
seen, Palms grow in thickness only as the result of the increase 
in size of the individual tissue elements. There are, however, certain 
monoeotyledonous plant families and genera, especially Dracaena, Yucca, 
Aloe, and. the Dioscoreaceae, m the stems and roots of which a cambium, 
ring is developed. As in such cases, the cambium ring generally arises 
m the pencycle, outside the scattered vascular bundles and from the 
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fundamental tissue, it is a secondary meristem ; it does not, as in 
Dicotyledons and Gymnosperms, produce continuously ■wood and bast 
in opposite directions, but, instead, closed vascular bundle strands and 
fundamental tissue (Fig. 154). 


The cells arising from the division of the cambium cells (c) aie given off almost 
entirely towaids the centre ot the stem. The new cells thus derived either divide 
by means of variously disposed 


longitudinal walls, and produce 
new vascular bundles (/"), or, by 
forming tangential and transverse 
walls only, they give rise to the 
radially arranged cells of the funda- 
mental tissue, which fills the space 
between the vascular bundles. 
These secondarily developed bun- 
dles, like the primary bundles, are 
closed, that is, they do not possess 
a cambium, but have nevertheless 
a somewhat ditfeient structure. 
Their xylem portions consist solely 
of tracheids provided v ith boidered 
pits, and completely enclose the 
thin-walled and sparingly deve- 
loped phloem. Towards the peri- 
phery of the stem the cambium 
ring produces only a small amount 
of paienchymatous tissue, the cells 
of which sometimes contain bun- 
dles of laphides (r) A stem of 
a Diacaena having this form of 
secondary growth may attain a 
considerable thickness. 

Periderm — It is very 
seldom that the epidermis, 
by the division of its own 
cellsj is in a condition to keep 
pace for any length of time 
with the increasing dimen- 
sions of the stem This, 
however, is the case with the 
Mistletoe ( Vkscum album), the 
number of whose epidermal 
cells is continually augmented 
by the formation of new lateral 
walls, while the outer walls 



Fig 134 — Transverse section of the stem ot Coulyhnc 
(Dictcaena) iuhia /', Primary vascular bundles, 
/" secondary vasenlai bundles , f", leaf- trace 
bundle withm the primary cortex , m, parenchy- 
matous fundamental tissue 9 s, bundle-sheath ; Z, 
tracheids, c, cambium ring, c?, cortex, the outer 
portion being primary, the inner secondary coitex , 
pht cork cambium , 7, cork , r } bundles of raphides 
(x SO ) 


are at the same time strengthened by inward thickenings to supply 
the place of the older, ruptured, thickening layers. The stems 
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and all meristematic tissue which can be shown to have been developed 
directly from such promenstem is termed primary. A primary 
meristem, in the midst of a completely developed tissue, may still retain 
its meristematic character. Fully differentiated tissue is designated 
permanent tissue in contrast to meristematic tissue. At times, per- 
manent tissue may again become capable of division, and in that con- 
dition is called secondary meristem. 


Tissue Systems 

A mass of tissue so united in the body of a plant as to form a 
distinct histological unit constitutes a tissue system. In the more 
highly organised plants three such systems may be distinguished — the 
TEGUMENTARY SYSTEM, the VASCULAR BUNDLE SYSTEM, and the 
FUNDAMENTAL TISSUE SYSTEM. 

The tissues which make up the different tissue systems are dis- 
tinguished as primary and secondary, according as they are derived 
from the promeristem or secondary meristem. 

The primary tissues of the tissue systems will be considered first. 


The Primary Tissues 

The Tegumentary System. — InthePteridopliytes and Phanerogams 
the plant body is covered by a distinct outer tegument or epidermis. 
On the inside, the epidermis, which is usually composed of but a single 
layer of cells (Fig 87, <?), is sharply marked off from the adjoining 
tissue, while on the outside it is much thickened. This is especially 
the case in all aerial parts of plants adapted for a long life, but on the 
more perishable parts of a plant, such as the floral leaves, or on those 
parts more protected, as the root, the cells of the epidermal layer are 
generally thin-walled or only slightly thickened. Even when the 
external walls of the epidermal cells are considerably thickened, the 
side walls, at least in part, remain unthickened. The external walls 
are also more or less cuticularised, while their outermost layer, which 
is more decidedly cuticularised and capable of withstanding even the 
action of concentrated sulphuric acid, extends as a cuticle continuously 
over the surface of the epidermis. The cuticle has its origin in the 
primary walls of the younger epidermal cells, which, during the increase 
in size of the plant, become very much distended and at the same 
time strengthened by the deposition of cutin. The cuticle frequently 
becomes folded, and so assumes a striped appearance (Fig 107). 
Plants in dry climates, or so situated that, for any reason, transpiration 
from their outer surfaces must be diminished, are characterised by 
the extraordinarily thickened and cuticularised walls of their epi- 
dermal cells. In some of the Gh'amineae, Equisetaceae, and many other 
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wliite coloui of Birch-bark is caused by the presence of betulin (birch- 
resin) m the cells. 

In roots which grow m thickness the phellogen usually develops 
in the pericycle (Fig 150, B, h), and in consequence of this the primary 
cortex of the roots dies and peels off. The succeeding phellogen 
layers are formed m exactly the same way in the root as m the stem. 

In most woody plants, particularly in Dicotyledons, cortical pores, 
or lenticels (Fig. 156), make their appearance simultaneously with the 
formation of periderm. The lenticels take their origin m a phellogen 
layer (pi) which, in the case of peripheral cork formation, almost 
always develops directly under the stomata. The phellogen, from 
which the lenticels arise, unlike the cork phellogen, does not form 
cork cells, but a lenticel tissue composed of complementary cells (l) 



traversed by intercellular spaces. On the inside, however, a phello- 
derm is regularly derived from the phellogen. The complementary 
cells press the epidermis outwards and finally rupture it Where ''the 
complementary cells are only loosely united, the intermediate bands 
or closing layers are developed from the phellogen alternately with 
denser layers of cells, which, as in the case of the epidermis, become 
eventually ruptured. The cork-forming phellogen joins the phellogen 
of the lenticels at its margins. In cases where the cork is more 
deeply seated in the inner tissue, the lenticels begin their develop- 
ment at a corresponding depth. The lenticels are so constructed, 
m Prumis avium and Betula , that they can accommodate them- 
selves to growth-m-thickness ; in Queicus Saber, Frazmus Chnus, they 
are not in a condition to do so ; while in Fhamnus Frangula and Finis 
Malus each lenticel gives rise to a group of lenticels. The develop- 



SEC I. I 


MORPHOLOGY 


143 


ment of a secondary periderm is accompanied by the formation of new 
lenticels. By means of the lenticels the intercellular spaces of the 

inner tissues are kept in com- . _ 

mumcation with the outer atmo- t 
sphere The air enters the 

intercellular spaces of the ' '' 

medullary rays through the 
lenticels, and is thence dis- 


tributed throughout the living 
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tissues of the whole plant. In Jf - 

stems in which the periderm 
is free from lenticels, provision 
is made for securing the free 
passage of gases through open- 
ings left by the overlapping 
margins of the periderm layers. 

The Falling* of Leaves. — 

Preparatory to the falling of 

leaves an absciss layer is formed, ^ 

by means of which the separa- 
tion of the leaves from the 
stem is effected. This layer 
arises through the division of 
all the living cells in the plane 
of separation, including even 
those of the vascular bundles. 

At a later stage, a layer of cells 
m the middle of the absciss 
layer becomes absorbed, and 
the separation of the tissues of 

leaf and stem is completed by ' c/,,i 

the rupture of the tracheal Fl °* 157 “Traiis%eise section of the peripheral 
, r - , rp. tissues of the stem of Que/cus sebsilijlout 1 , 2 , 0 , 

elements <m<l sieve-tubes, llie Successively formed layeis of cork ; pi , primary 

absciss layer is usually formed coite\, modified by subsequent growth , 111 - 

iust before the leaves fall, al- *f ,iall > to 1 penc f le - ^ scieienchjmatous 

J 5 tibies, fiom the ruptured un£j of sclerencliy - 

though frequently much earlier, matous flbies of the pencyele , $, subsequently 

The wound left on the stem lorned scleieids; s', sclerekls, of seeondaij, 

.,t . , . . • ,i glow th , a , bast fibies with accompanying ciystal 

either Simply dries up, as IS the cells , 7., cells, with aggregate crystals All of 

Case in the Ferns, or It is closed the tissue external to the innermost layoi of cork 

bv a layer of cork which is 18 deacl alKl discoloured, and has become trans- 
, , .in „ fonned mto baik (x 225 ) 

formed just below the surface 

and joins the periderm of the stem. This cork layer may be formed 
before the fall of the leaves, but in that case it does not extend through 
the living elements of the vascular bundle, and does not become 
complete until after the leaves have fallen. The ends of the tracheal 
elements at the leaf-scars become filled with a protecting gum, and in 
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addition, they, as well as the ends of the sieve -tubes, become com- 
pressed and finally cut off by the developing cork. 

Wounds. — In the simplest cases the exposed tissues of wounded 
surfaces become dry through loss of moisture, and dying in consequence, 
form over the deeper-lying tissues a protective covering of dry, brown 
cells This method of protecting wounded surfaces, although very 
general in Cryptogams, rarely obtains in Phanerogams, but instead 
the wounds become closed by the formation of cork. Cork formed 
over wounded surfaces is called wound cork. It is derived from 
a cork cambium that develops in the tissue under the wounds, and 
with its development the process of healing, in succulent and paren- 
chymatous portions of plants, is completed In woody plants a so-called 
callus is formed by the active growth of the living cells bordering on 
the wound These abnormal swollen growths close together over the 
wound, and by the subensation of their cell walls provide a sufficient 
protection. Generally, however, a cork-forimng phellogen arises in the 
periphery of the callus. In stems of Gymnosperms and Dicotyledons, 
wounds which extend into the wood become surrounded and finally 
overcapped by an outgrowth of tissue arising from the exposed 
cambium. While the callus tissue is still in process of gradually 
overgrowing the wounded surface, an outer protective covering of cork 
is developed , at the same time a new cambium is formed within the 
callus, through the differentiation of an inner layer of cells, continuous 
with the cambium of the stem. When the margins of the over- 
growing callus tissue ultimately meet and close together over the 
wound, the edges of its cambium unite and form a complete cambial 
layer, continuing the cambium of the stem over the surface of the 
wound The wood formed by this new cambium never coalesces 
with the old wood. Accordingly, marks cut deep enough to pene- 
trate the wood are merely covered over by the new wood, and may 
afterwards be found within the stem. In like manner, the ends of 
severed branches may in time become so completely overgrown as to 
be concealed from view. As the wood produced over wounds differs 
in structure from normal wood, it has been distinguished as callus 
WOOD. It consists at first of almost isodiametrical cells, which -are, 
however, eventually followed by more elongated cell forms. 

The Formation of Burrs — The curled or extraordinarily knotted 
appearance of wood, such as the bird’s-eye or curled maple, which adds 
so much to its technical value, is due to the unusually sinuous course 
taken by the elements of the wood This variation from their usual 
direction . is caused by the development of numerous adventitious 
buds, which turn the vascular bundles out of their accustomed course , 
the direction of the wood elements is moreover often affected by the 
medullary rays, -which sometimes become so abnormally swollen that 
they appear almost circular in tangential sections. 
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The Phytogeny of the Internal Strueture 

The phylogenetic differentiation in the internal structure of a plant 
does not altogether coincide with the progress of its external segmenta- 
tion. Even unicellular plants in the group of Siphoneous Algae 
may exhibit a high degree of external differentiation ; thus the uni- 
cellular Alga, Caulerpa (Fig. 250), has developed appendages having 
outwardly the form of leaf, stem, and root. Similarly, the red sea- 
weed, Hydrolapathmn (Fig. 9), although composed almost wholly of one 
form of cells, bears in its external segmentation a striking resemblance 
to one of the most highly organised plants. The internal differentia- 
tion of this Alga has only advanced so far, that the outer cells contain- 
ing the red chloroplasts form an assimilating tissue of isodiametncal 
cells, while the internal colourless and more elongated cells function as 
a conducting tissue. The relatively highest degree of internal develop- 
ment found in the Algae is attained by the Laminariae. In their 
stem-like axis, which may have a considerable thickness, the external 
tissues frequently contain canals filled with mucilaginous matter; 
while internally are found rows of cells resembling sieve-tubes. The 
axes themselves grow in thickness through the continuous division of 
the cells of an outer cell layer. A kind of cortical tissue is formed as 
a result of this growth which exhibits concentric layers, and of which 
the innermost cells gradually elongate and pass over into the so- 
called medulla. In the Fungi internal differentiation is the result of the 
more or less intimate union of the intertwining hyphse In extreme 
cases the hyphae forming the body of the Fungus may be so closely 
woven together as to give, in a cross-section, the impression of a 
parenchymatous tissue (Figs. 95-98), in which, by the subsequent 
thickening of the cell walls, the pits in adjoining hyphse are brought 
into contact. In the fructifications of many of the Hymenomycetes and 
Gastei omycetes , some of the longer and more swollen hyphse contain a 
cloudy, highly refractive, and, in some instances, coloured substance, and 
appear, accordingly, to serve as a special tissue for the purpose of 
conduction. A marked advance in the differentiation into different 
tissue systems is first apparent in the Bryophytes, and even in them 
the formation of an epidermis distinct from the fundamental tissue is 
exceptional. In the thallus of the Marchantieae of the Hepaticae , and 
at the base of the spore capsules of the Btyineae, among the Mosses, 
the exter nal layer of cells becomes more or less sharply defined from 
the underlying tissues. In the Marchantieae (Fig. 158) this outer layer 
is pierced by openings which have been termed breathing-pores, but these 
have a different origin from the stomata of higher plants. They are 
rather, as Leitgeb has shown, openings into cavities, which have arisen 
through the overarc hin g of certain portions of the surface by other 
more rapidly growing portions. In the JBiyineae, on the other hand, 

L 



146 


BOTANY 


PART I 


stomata similar in structure to those of the Pteridophytes and Phanero- 
gams are found in the outer cell layer at the base of the spore capsules 
It would seem, however, that these stomata of the Bryineae are prob- 
ably not homologous with those of higher plants ; as there is no direct 
phylogenetic connection between them, and it is more reasonable to 
regard them as merely analogous formations, such as so often occur 
in the evolution of organs. The Marchantieae also possess mucilage 
passages, which arise through the mucilaginous degeneration of single 
cells or cell rows. Certain of the Marchantieae have also strands of 
greatly elongated, dark-walled cells. In all Hepaticae there may be 
found in special cells characteristic oil bodies of an irregular, clustered 
shape. It is also worthy of note that, although the differentiation 
of the internal tissues has progressed further in the Marchantieae than 
in any other of the Hepaticae, in their external segmentation they 



Fig 158 — Iduiface and tiaiib\eise Mew o 1 the tliallus ot McacJiuntict polyviorpha* In A t an air- 
pore, as seen from above , m B , as seen m cross-section ( x 240 ) 


are surpassed by many others of the same group : so that here also 
internal and external differentiation do not keep pace with one another. 
Among the Mnsci the Bog-Mosses ( Sphagnaceae ) are characterised by 
an external sheathing of porous cells about the stem (Fig. 320). The 
sheathing cells recall those on many aerial roots (p. 100), and in the 
Bog-Mosses they also consist of dead cells with porous and spirally 
thickened walls. By means of this sheath water is drawn up from 
the ground by capillarity and conveyed to the leaves, throughout which 
similar porous and dead cells are regularly distributed. In the 
stems of many of the Bryineae there is also developed a simple form 
of conducting tissue (Fig. 159); and the many-layered midrib of 
the single -layered leaf lamina is also traversed by a conducting 
strand. In spite of their more advanced differentiation, the Bryo- 
phytes may still be included, just as they were originally in 1813 by 
De Candolle, in his classification of the vegetable kingdom according 
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to the natural system, with the other lower Cryptogams m the class 
of cellular plants, as distinguished from the vascular plants or 
Pteridophytes and Phanerogams A separation of the tissues into the 
three systems of tegumentary, fundamental, and vascular tissue occurs 



Pig 159 — Tian&veise section of tlie.btem ot Mnum undulatina l , Conducting-bundle , c, coitex , 
e, penpheial cell layer of cortex , /, part of leaf , /, lluzoids (x 90 ) 

for the first time in the vascular plants ; while the systems themselves 
also exhibit a widely extended differentiation. 

The Ontogeny of the Internal Structure 

However a plant may arise, whether from an asexually produced 
spore or from a fertilised egg, its first inception is always as a single cell. 
In unicellular, spherical, or rod-shaped organisms, such as Gloeocapsa 
polydermatica (Fig. 1) or Bacteria (Fig. 4), the whole course of develop- 
ment is concluded with the cell division which gives birth to two 
new independent organisms. If the cell divisions be continuous 
and parallel, and the newly- developed cells remain in contact, 
cell filaments (Fig. 4, a *) will be formed , if the division walls 
have different inclinations, and are at the same time all in the 
same plane, CELL surfaces are produced , and if the walls are 
formed in three dimensions of space, cell masses are the result. 
Such an organism will attain but a low degree of development 
if all its cells have a like value, and continuously reproduce 
themselves in the same manner. With the distinction into BASE 
and APEX a plant manifests a higher degree of differentiation. A 
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VEGETATIVE or GROWING point is then developed, usually at the 
apex, and in the simpler cases this consists of but a single cell (Fig. 5) 
The apex assumes more and more the character of an apical cell from 
which all the organs of the plant take their origin , thus, in the case of 
Cladostephus vertmllatus (Fig. 7), the many-cell ed mam axis terminates 
in a single conical cell which, by transverse and longitudinal divisions, 
gives rise to the cellular system of the whole plant. Its side branches 
are likewise formed from similar apical cells, which develop, m regular 
acropetal order, from certain of the lateral cells of the parent stem, 
and determine the character of the branching, to which reference is 
made in the specific name of this sea-weed. Flat, ribbon-like plants 
also, such as Didyota dichotomu (Fig. 8), may have conical but 
correspondingly compressed apical cells (Fig. 160, A), from which 
segments are cut off by concave cross walls, and become further 
divided by subsequent longitudinal walls. The dichotomous branching 



Fig 160 — Apex of Dictyota duhotoma, showing in J, ( , 1 ) successive stages in tlie bifuuution 
ot the giowing point , n, apical cell (Altei N r ) 

so apparent in Dictyota is preceded by a longitudinal division of the 
apical cell into two equal adjoining cells ( B , a, a) By the enlarge- 
ment and continuous division of these two new apical cells the now 
bifurcated stem becomes prolonged into two forked branches „(Fig 
160, D) In other ribbon-like Algae, on the other hand, and m 
similarly shaped Hepaticae, as in Metzgena and Ancura, the apical cell 
is wedge-shaped (Fig. 161), and the successive segments are cut off 
alternately right and left by intersecting oblique walls ; from these 
segments the whole body of the plant is derived by further division. 
The apparently strictly dichotomous branching of Hepaticae provided 
with such apical cells is in reality due to the early development of 
new apical cells in young segments (Fig 161, b). In the case of the 
erect radially symmetrical stems of the Musa, most Ferns and 
Equisetaceae, the apical cell has generally the shape of an inverted 
pyramid with plain sides and a convex base, and forms the apex of 
the vegetative cone characteristic of the more highly organised plants. 
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In the Common Horsetail (Equisetum arvense), for example, the apical 
cell of the main axis viewed from above (Fig. 163, A), appears as an 
equilateral triangle, in which new walls 


are successively formed in a spiral direc- 
tion, parallel to the original walls (p). 
Each new segment thus derived is divided 
by a new division wall (Figs. 162, 163, m) 
into an upper and lower half ; each of 
these halves, as is shown most clearly by 
an optical section just below the apical 
cell (Fig 163, JB), becomes again divided 
by a sextant wall ( s ) into two new cells. 



It is unnecessary to trace the further divi- fig iei —Diagrammatic repiesenta- 
sions, and it will suffice to call attention to tJ ° n of tlie ape * of M ^na fur A 

> . " “ "1 , cata m process of branching, viewed 

the fact, that all cell walls parallel to the from tlie dorsal side, a, Apical 


outer surface of such vegetative cones or cel1 of P arent shoot , &, apical ceil 
portions of plants are termed periclinal ^ cmc!? sro) Sh0Ot <After Kky ’ 
walls, while such as meet the surface and 


the perichnal walls at right angles are designated anticlinal, of 
which those in the plane of the axis of an organ are called radial 



Fig. 162 — Median longitudinal .section of the vegetative cone of Equisetum arvense Explanation 

m the text (x240) 


Some distance below the apical cell of Equisetum arvense the first leaf- 
whorl arises from the vegetative cone as a circular wall, which grows by 
the formation of cell walls inclined alternately inwards and outwards 
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in the wedge-shaped marginal cells which form its surface layer (Fig 
162, /). This is succeeded at a lower level by other and older 
leaf-whorls (/', f"). An initial cell (g) may be distinguished in the 
axil of the second leaf-whorl, and this is destined to become the 
three-sided apical cell of a side branch. In the Lycopodinae, the most 
highly developed of the Pteridophytes, a distinct apical cell can no 
longer be recognised, while in the Phanerogams the cells of the 
vegetative cone are arranged as shown in the accompanying figure of 
Htppwis vulgaris (Fig 164), m which the embryonic tissues are arranged 
in layers which, as was first noticed by Sachs, form confocal parabolas. 
The outermost layer, which covers both vegetative cone and also the 
developing leaves, is distinguished as the dermatogen (d) ; the cells of 



s 




Fig. 163 — A, Apical view of the 
\egetati\e cone of Erpasetinn 
cuvense , B, optical section 
of the same, just below the 
apical cell , l , lateial walls 
of the segments ( x 240 ) 


Fig 104 — Median longitudinal section of the 
vegetative cone of H'lpp'itris vulqaris tl , Der- 
niatogen; pr, peublem, pi, pleiom e , leaf 
ludnnent (x 240 ) 


the innermost cone of tissue, in which the central cylinder terminates, 
constitute the plerome (pi) ; while the layers of cells lying between 
the dermatogen and plerome are called the periblem (pr) In the 
same figure may be noticed the uniformity with which the dividing 
walls of the different layers intersect at right angles. This arrange- 
ment was regarded by Sachs as characteristic of the whole plant 
structure. The anticlinal walls at right angles to the surface form a 
system of orthogonal trajectories for the periclinal walls. 

True roots are first found in the Pteridophytes, and possess an 
apical cell in the shape of a three-sided pyramid (Fig. 165, t). In 
addition to the segments given off by the apical cell parallel to its sides, 
it also gives rise to other segments (k) parallel to its base It is from 
the further division of these latter cap-like segments that the root-cap 
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is derived. In the roots, as in the steins of the Lycopodmae , no apical 
cells are found. In like manner the roots of Phanerogams, although 
exhibiting several different types of root-growth, follow the same law 
in the arrangement of their elements as the vegetative cone of the 
stems. It will, accordingly, be sufficient to describe a root of one of the 
Gramineae (Fig. 166) as a representative of one of these types. The 
vegetative cone of this root differs from that of the stem previously 
described (Fig. 164) in the possession of a root-cap. The dermatogen 



Pig. 165 — Median longitudinal section of the apex of a root of Ptens areticcc t 3 Apical cell ; 
l 3 initial cell of root-cap , root-cap (x 240.) 

(d) and periblem (pr) unite at the apex in a single cell layer, outside 
of which lies the calyptrogen ( k ) or layer of cells from which the 
root-cap takes its origin. In many other roots, however, the formation 
of the root-cap results from the periclinal division of the dermatogen 
itself, which, in that case, remains distinct from the periblem. In the 
apices of Gymnosperms the dermatogen, periblem, and calyptrogen 
are not marked out as distinct regions. In roots, as in stems, the 
plerome cylinder (pi) almost always terminates in special initial cells. 

At a short distance below the growing point the embryonic tissue 
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loses its meristematic character, and becomes transformed into the 
differentiated body of the plant. As a general rule, in plants with an 
epidermis, primary cortex, and central cylinder, the epidermis is 
developed from the dermatogen ; the primary cortex from the 



Fig. 100. — Median longitudinal section of the ape\ of a loot of the Bailey , Hordeum vuhfui e. I, 
Calyptrogen ; d, dermatogen ; c, its thickened wall ; pr, penblem ; pl 9 pleiome , cn, endodermis , 
intercellular air-space m piocess of formation; cr, cell iow r destined to fonn a vessel, 
exfoliated cells of tlie root-cap. ( x ISO ) 

penblem ; the central cylinder from the plerome. This differentiation 
of the tissues does not take place in all cases ; and, in fact, does not 
extend to the embryonic tissue, the peculiar cell arrangement of which 
is due rather to physical causes. The vascular bundles must pass 
through the periblem in order to reach the leaves. The periblem is 
therefore capable of producing, not only the primary cortex, but 
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also the vascular bundles and accompanying tissues of the central 
cylinder. The terms dermatogen, periblem, and plerome are em- 
ployed merely for convenience to designate certain cell layers, and 
are not to be regarded as significant of any peculiar histogenetic or 
tissue-forming ability. The external layer from which the epidermis 
develops usually remains a single cell layer. The rudiments of the 
still undeveloped vascular bundles soon appear in the central cylinder 
as procambium strands , while the endodermis of roots is derived at 
an early stage from the innermost layer of the cortex. 

In stems with apical cells the rudiments of new leaves and 
shoots are developed from single peripheral cells, or cell groups of the 
vegetative cone (Fig. 162). In such cases, not only the new shoots, 
but even the leaves, usually begin their development with an apical 
cell. The apical cells of the leaves, however, soon disappear, and 
further growth proceeds along their whole margin. 

In a stem with no apical cell (Figs. 16, 164) the rudiments of the 
leaves and new shoots first appear as small protuberances, the formation 
of which is generally initiated by the periclinal division of a group 
of periblem cells ; while, in the meantime, the cells of the overlying 
dermatogen continue their characteristic anticlinal divisions. In the 
case of new shoots developing at some distance from the growing 
point of the parent stem, the cells from which they are destined to 
arise retain for that purpose their original embryonic character. In 
spring, as Ludwig Koch has shown, the formation of the buds on the 
rapidly growing shoots of bushes and trees may be postponed, so 
that the rudimentary lateral shoots first appear in the axils of the 
eighth or even the tenth youngest leaves, and consequently at points 
where the differentiation of the surrounding tissue has already begun. 

The vegetative cone, in the case of strictly dichotomously-branch 
mg shoots (cf. Fig. 14), increases the number of its cells in the 
direction of the plane of the subsequent bifurcation, and eventually 
gives rise to two new growing points. With the exception of those 
Pteridophytes , whose roots as well as stems are dichotomously branched, 
the branches of the roots arise m acropetal succession ; and their 
branching first begins in regions considerably removed f^om the grow- 
ing point, and where the differentiation of the tissues is already 
complete. In Phanerogams new roots are developed in the pencycle . 
in Pteridophytes m the innermost cortical layer. The lateral roots 
must consequently push through the whole cortical layer of the parent 
root. They are situated either directly in front of the vascular strands 
of the parent root, or between the xylem and phloem strands. The 
number of rows of lateral roots is, therefore, as Van Tieghem has 
pointed out, either equal to or double the number of vascular strands. 
As the strands of the vascular bundles of roots take a straight course, 
the lateral roots must similarly form straight rows. The distances 
between the rows themselves are equal, or when the lateral roots are 
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situated to the right and left of each -vascular strand, the rows are 
arranged in pairs with wider intervals between each pair. 

Inasmuch as a multicellular plant begins its development as a 
single cell, either from a spore or fertilised egg, and then gradually 
passes into its multicellular condition with corresponding internal and 
external differentiation, it repeats in its ontogeny the steps of its 
phylogenetic development. These phylogenetic processes, however, 
undergo material modification m the course of the ontogenetic develop- 
ment of a plant. The internal modifications are in some respects less 
marked than those experienced by the external organs, because the 
internal inherited structure is less subject to the disturbing action of 
external influences. The ontogeny of the internal differentiation of 
a plant is on this account often of service in determining its relation- 
ships. In most cases, it may be safely said that every change in the 
internal differentiation of an organ is of more general significance the 
earlier it manifests itself in the development of the embryo, and the 
nearer it occurs to the growing point in which the embryonic de- 
velopment is continued. Conversely, a characteristic is so much the 
more significant for the determination of immediate relationships, 
the later it makes its appearance in the ontogenetic development. 

Structural Deviations 

Plants, even of the same species, never exactly resemble each 
other. Every individual organism has its own peculiar character- 
istics by which it may easily be distinguished from every other of the 
same species. To a certain extent individual variability may be due 
to atavism, or the reappearance of previous ancestral qualities. The 
greater part, however, of such individual variations are the result 
of newly developed peculiarities Variations which are inherited lead 
to the development of new varieties Independent or spontaneous 
deviations are often the cause of monstrosities, and as these are apt to 
disturb the regular functions of an organ they are frequently the occasion 
of disease. The study of the abnormal development of plants is called 
Phytoteratqlogy. That a plant becomes abnormally developed may 
be due either to internal or to external causes. As an example of 
variations occasioned by internal causes may be cited the so- 
called bud-variations, which result in the abnormal development of 
single shoots. In like manner a variation in the number of the 
members of a floral or leaf whorl may occur as a result of internal 
causes 3 thus, for example, Pans qmdnfolia occasionally exhibits a 
hexamerous instead of a tetramerous symmetry. The internal struc- 
ture of a plant may likewise be disturbed, and the development 
of its vascular water-courses or of its mechanical elements become 
considerably altered In many cases variations are, no doubt, the 
result of changes in the mode of nutrition; this fact has been 
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taken advantage of by horticulturists to bring about certain wished 
for results Among external causes of variations the influence 
exercised by parasites upon the development of the whole plant is 
particularly striking Euphorbia Cypanssias, when attacked by a rust 
fungus (Aecidium Euphorbiae), becomes sterile, remains unbranched, 
has shorter and broader leaves, and m its whole appearance is so 
changed as scarcely to be recognisable. Plant lice sometimes 
cause a flower to turn green, so that instead of floral leaves green 
foliage -like leaves appear Another peculiar example of abnormal 
growths are the galls or cecidia produced on plants by Fungi, 
or more frequently by insects. The effect of these formations 
on the normal development of the tissues of a plant is more or 
less disturbing, according to their position, whether it be in the 
embryonic substance of the growing point, or in the tissues still in 
course of differentiation, or finally m those already developed. The 
larvae of Cecidomyia rosana live in the growing points of willow stems, 
and occasion a malformation of the whole stem by the production of 
galls known as “ willow-roses ” Flies ( Diptera ) often deposit their 
eggs in the tissues of partially developed leaves, in consequence 
of which the leaves become more or less swollen and twisted 
After the leaves of the Oak have attained their full growth they 
are often stung by a gall- wasp of the genus Cynips. The poison 
introduced by the sting, and also by the larvae hatched from 
the eggs deposited at the same time, occasion at first only a 
local swelling of the leaf tissue, which finally, however, results 
in the formation of round, yellow, or red galls on the lateral 
ribs on the under side of the leaf. As galls materially differ 
from one another according to the nature and cause of their forma- 
tion, it is generally possible to determine the insect or Fungus by 
which they were induced. As an explanation of malformations which 
originate in the plants themselves, some exciting cause must be pre- 
sumed which turns the processes of development from their usual 
course. The earlier such an influence makes itself felt in the rudi- 
ments of organs the more severe is its effect upon their development. 
When the embryonic substance of the growing point is affected by 
such an influence altogether unexpected modifications of the usual 
order of growth may result. As the embryonic substance of the 
growing point is of itself capable of producing all such forms as 
are peculiar to the species, instead of a flower a stem may be de- 
veloped, or the growing point of a root may continue its further 
development as a stem. Leaves, even when somewhat advanced in 
growth, may under changed conditions vary their usual character, 
particularly within the limits of their possible metamorphosis; for 
example, the staminal and carpellary leaves of a flower may thus become 
transformed into additional perianth leaves. The later the rudiments 
of an organ are acted upon by a disturbing influence, so much the less 
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far-reaching are the modifications which it produces ; and thus inter- 
mediate forms between two organs may be produced which correspond 
more or less closely to one or the other of them. Finally, through the 
capability of a fully-differentiated tissue to renew, as a secondary meri- 
stem, its embryonic condition, an organ of an entirely different mor- 
phological value may be produced instead of one already in process of 
formation ; in this way, for example, a shoot may take the place of a 
spore capsule. Consequently neither the abnormal interchangeability, 
at times manifested between morphologically different members, nor 
the development of intermediate forms between them, can be con- 
sidered as proof of their phylogenetic connection. Malformations 
ARE, ACCORDINGLY, NOT TO BE ACCEPTED AS EVIDENCE IN MORPHO- 
LOGICAL QUESTIONS, EXCEPT IN THE RARE CASES WHEN THEY MAY BE 
CONSIDERED AS A REAPPEARANCE OF ANCESTRAL QUALITIES 
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SECTION II 

PHYSIOLOGY 

Plants, like animals, are living organisms. Beginning their develop- 
ment with the simplest structure, and increasing in size from internal 
causes, they assume their definite form and complete their existence 
according to laws determined by inheritance. Surrounded by a world 
which differs very widely from them as regards chemical constitution, 
they produce the substances necessary to their growth from the raw 
materials afforded by the environment. To this end the different parts 
of their bodies are enabled by independent movements to take such 
relative positions as are most favourable to their mode of growth. In 
spite of the number of individuals and the limited duration of life, the 
continuance and extension of the species are provided for by an ability 
to reproduce like organisms. 

Nourishment, independent growth, power of movement, and 
reproduction are, together with respiration, the striking attributes 
which characterise plants as living organisms, and distinguish them 
from all lifeless bodies. 

An organism consisting of but one cell, as is shown by the life of 
the simplest plants, is capable of exercising all the functions necessary 
for the continuance of its existence. In the case of plants, however, 
which consist of many hundreds or thousands of cells arranged in three 
dimensions of space, it is impossible, for purely physical reasons, that 
all the cells should bear the same relations to the outer world. The 
cells in the interior must exist under conditions altogether different 
from those which are in direct contact and intercourse with the world 
outside. Consequently, the differently arranged elements must be 
adapted for different modes of life, and, since they must exercise their 
functions in different ways, must show what is called differentiation 

This necessary division of labour has led to the development of 
external organs and internal structures wonderfully adapted to the 
requirements of the whole plant. Correlated with the various Classes 
and relationship of plants, there are certain differences as regards 
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form and function But, m all plants, those organs to which the 
same functions are assigned have assumed the form most efficient 
for their purpose ; so that, for example, the leaves and roots of plants 
otherwise most dissimilar are constructed on the same general plan 
In proof of this may be cited the general terms leaf, root, stem, and 
flower, the comprehensiveness of which is even more evident in popular 
speech than m the technical language of Botany, which has given to 
these terms a more strictly defined and limited meaning. 

Similarity in the appearance and structure of organs indicates the 
exercise of common functions and duties ; while dissimilarities in the 
form and structure of different organs — such as the leaf and root — are 
indicative, on the other hand, of their different utility to the plant. 
There lies, then, m the morphological and anatomical development of 
an organ an unmistakable proof that it exists because of its function, 
and that it is not of accidental origin. 

The attributes and functions of organs, as well as of single cells, are 
the subjects of physiological study. It is evident, however, that such 
study must be based upon an intimate knowledge of the outer and 
inner structure of plants ; just as the working and efficiency of a 
machine first become comprehensible through a knowledge of its con- 
struction. On the other hand, the study of external and internal 
Morphology becomes animated by Physiology, and attains thereby a 
deeper purpose and meaning 

It is the province of Physiology to discover the points of correspond- 
ence among the numerous individual phenomena, and to bring to light 
such as possess an essential functional significance. On the other hand, it 
is the variations, or family peculiarities, which are of value in Systematic 
Botany, since from them a knowledge of family relationships may be 
derived For example, it suffices for the physiological conception of 
flowers to know that they are the organs of sexual reproduction in 
higher plants , that the male cells are somehow developed from the 
pollen formed in the anthers , that from the female cells enclosed 
within the ovules, after their union with male cells, the embryos or 
rudimentary plants are derived. These important facts are equally 
true for all flowers, no matter how dissimilar they may appear. 

The Physical and Vital Attributes of Plants 

With the exception of the- more or less fluid developmental stages 
in some of the lower organisms, as in Amoeba or the plasmodia of 
Myxomycetes, plants, in spite of the great amount of water contained 
in them, are of the nature of solid bodies. As such they possess in 
common even with inanimate objects the physical attributes of weight, 
density, elasticity, conductivity for light, heat, electricity, sound, etc. 
Important as these attributes are for the very existence and continu- 
ance of the life of a plant, they do not constitute that life itself. 
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Vital phenomena ape essentially bound up with the living 
protoplasm No other substance exhibits a similar series of remark- 
able and varied phenomena, such as we may compare with the 
attributes of life. As both physics and chemistry’ have been restricted 
to the investigation of lifeless bodies, any attempt to explain vital 
phenomena solely by chemical and physical laws could only be induced 
by a false conception of their real significance, and must lead to fruit- 
less results. The physical attributes of air, water, and of the glasses 
and metals made use of in physical apparatus, can never explain 
qualities like nutrition, respiration, growth, irritability and repro- 
duction. It would, indeed, be superfluous to emphasise the fact, were 
it not that this error is from time to time repeated 

The phenomena of life can only be studied and determined by’ the 
most careful observation and critical examination of living organisms. 
It is therefore necessary to establish what part the purely physical and 
chemical properties, which belong to all bodies, take in the phenomena 
of life, and to what extent they are essential to the maintenance of 
life itself. A perception of the strictly physical and chemical processes 
going on within an organism is especially desirable, because operations 
are then involved with the causes and effects of which we are already* 
familiar In questions regarding strictly’ vital phenomena the case is 
quite different ; for it then becomes impossible to predict what effect 
a particular cause will produce The free end of a horizontally* 
extended flexible rod bends downwards merely by its own weight 
The same result will follow if any pait of a dead plant, such as 
a dry stem, be substituted for the rod But if a living, growing 
stem be used in the experiment, then the action of gravity will 
manifest itself m a manner altogether at variance with its ordinary 
operation. That part of the stem which is still in a state of growth 
will ultimately curve upwards, and by its own activity assume an 
upright position ; it moves m a direction exactly contrary to the 
attractive force of gravity. If a tap-root be similarly experimented 
upon, it will, on the contrary, continue its downward movement until 
it places itself m a line with the direction of the attraction ; a rhizome, 
however, under like circumstances, would constantly maintain its 
growing apex in a horizontal position 

In these three experiments the force of gravity is exerted upon 
flexible portions of plants The physical conditions are the same m 
each case, yet how entirely different the results 1 

The explanation of this dissimilarity in the effects of the action 
of gravity is to be sought m the fact that gravity acts upon liv- 
ing substances, not only physically but also m another way, as a 
stimulus which induces a response in the internal forces of the plant 
body. In these particular experiments it is the force of growth 
which, locally, either increases or restricts the force of gravity, and 
produces results which do not correspond either qualitatively or 

M 
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quantitatively with the known operations of the laws of gravity. 
Living substance is dominated by the operation of stimuli. Irrita- 
bility is its most important attribute, for it is irritability alone that 
renders possible what we call life. 

By irritability is meant the undoubted, though not fully under- 
stood, connection between external stimuli and the response of a 
living organism. The disproportion that may exist between a 
cause and its ultimate effect is plainly apparent m a steam engine 
m motion or m the firing of firearms. The slight pressure of the 
finger in firing a cannon has as little correspondence, either quantita- 
tively or qualitatively, with the destructive effect of the shot, as the 
small effort necessary to open the throttle- valve of a locomotive to 
the continuous motion of a heavily-laden ed goods train The opening 
of the valve of an engine before the steam is up has no effect , it 
is only when, by this process, the compressed steam is liberated that 
it is followed by such enormous results. In the engine the connection 
between the cause and its effect is known ; in the effects of stimuli on 
protoplasm this connection is not apparent, for m the protoplasm 
the intermediate processes remain invisible to the eje, even when 
aided by the best microscope There is, however, no occasion for 
the supposition that the connection between the stimulating cause 
and its effect on the protoplasm is accomplished by processes which 
are otherwise foreign to the protoplasm itself, and which are called 
into existence only under the influence of a special force, the vital force. 
It was formerly thought necessary to ascribe not only all indications 
of life, but even all the transforming processes earned on within 
animate objects, to the effects of a special vital force or principle. 
Xow, however, the conception of the vital processes has become so 
modified as no longer to require the supposition of such a special 
vital force , while the impossibility of explaining the manifold variety 
of their manifestation by the action of a single force, and the advances 
made in chemistry (rf p. 5), have shown the futility of such a 
supposition. 

Although, at the present time, the existence of a special, in- 
dependent vital force is denied by Physiology, and only ,such 
agencies are accepted as are inherent in the substance of an organ- 
ism itself, still we must at the same time take account of such a 
vital force m so far as it may be regarded as the expression of a 
living substance, endowed with a peculiar, internal structure, which 
is in some way so constituted that certain actions and conditions 
are followed by definite vital processes. It is, then, this peculiar 
quality of irritability that distinguishes living protoplasm from other 
bodies, and which constitutes the fundamental distinction .between 
living and dead protoplasm. Such a view is, however, not con- 
trary to accepted ideas ; simple chemical bodies, indeed even 
chemical elements, such as sulphur, phosphorus, etc., exist in different 
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“ modifications ” with fundamentally different peculiarities. In con- 
sidering living organisms, it is the irritability or living modification 
of the protoplasmic substance which must occupy the attention. The 
object, therefore, of Physiology consists principally in discovering 
the attributes and characteristics incident to the modifications of 
living protoplasm. 

These attributes and characteristics are so distinctive as to 
separate by a wide gap living bodies from all other matter. It is, 
in fact, impossible to form any conception of the manner in which 
living bodies have arisen on this once molten planet from lifeless 
matter. Acceptance of the theory of evolution authorises, it is true, 
the transfer of the inception of life on the earth to geological periods 
separated by millions of years from the present time ; but the 
initiative character of such dawning life remains no less incom- 
prehensible. From a consideration, however, of the attributes of the 
living substance, it can with safety be said that the external con- 
ditions of life could not at that time have been so very different fiom 
those now existing on the earth ; for it is a characteristic quality 
of living matter that its vital activity, even its very existence, 
is circumscribed and limited by external, cosmic influences. The 
vitality of vegetable protoplasm can only be preserved within a 
definite range of temperature, within about sixty degrees Celsius, 
while its full vital activity is restricted to still narrower limits. Too 
intense light or an insufficiency of water destroys its life , while the 
most minute quantities of certain poisons suffice to shatter instantly 
and irrevocably that mysterious structure, in which, under favourable 
conditions, lies concealed the capacity to vivify the whole world 

Although living plants are themselves responsible for the manner 
m -which their vital phenomena manifest themselves, they stand, 
nevertheless, in the closest reciprocal relations with their environment, 
upon the condition of which they are altogether dependent From 
the outer world they obtain not only their nourishment, but receive 
also from it, particularly from the vibrations of light and heat, the 
energy that they again expend in the manifold processes of their vital 
phenomena. It is to the operation of these external influences that 
the stimuli are due which constantly call forth in vegetable protoplasm 
the manifestation of vital phenomena These external influences, 
however, are only serviceable to the processes of life when they 
operate within definite limits of intensity. The lowest limits of 
intensity for the effective operation of an external influence is 
designated the minimum, the highest the maximum, while that 
degree of intensity at which it is most operative m calling forth the 
most active manifestation of a definite vital phenomenon is termed the 
optimum (cf. also p. 234) For the different vital processes of the same 
plant, and also for those of distinct plants, th&se^gsglffed cardinal 
points are generally different. Thus, some planW limn i li lil l| ili n In n 
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exposed to bright sunlight, while the shade-loving plants only attain 
their perfect development in a subdued light, such as that of a forest 
Not only does the intensity of the required illumination differ for 
different species of plants and also for individuals of the same species, 
but it may be inconstant even foi the same plant Shade is absolutely 
essential for many tropical plants in a young state, although at a later 
age they can endure and may even require the full light of the tropical 
sun 

On exposure to a low temperature, about the freezing point of 
water, most plants become frozen and die, generally Yery sensitive 
plants may even become frozen at a tempeiature considerably above 
zero, before ice has been formed m their tissues In the case of other 
plants the internal formation of ice in their tissues does not of itself 
occasion death. The formation of ice always begins in the inter- 
cellular spaces and not within the cells Its continued formation is 
accompanied by an increasing concentration of the cell sap ; as a 
consequence of this ice first begins to form m plants at a temperature 
below zero, and only gradually increases m case of a greatei 1 educ- 
tion of temperature. 

I. The Stability of the Plant Body 

One of the most important and essential physical attributes of 
a plant is its rigidity Without that quality plants could retain 
no enduring form The capacity to return, by their own independent 
movement, to favourable positions from which they may have been 
forcibly disturbed by external influences, is, in trees and slnubs, and 
also in the more rigid herbs, restricted to the extreme tips of the 
growing stems. 

How great are the demands made upon the stability of plants 
will be at once apparent from a consideration of a rye haulm , for 
although it is composed of hundreds of thousands of small chambers 
or cells, and has a height of 1500 mm ,it is at its base scarcely 3 mm. 
m diameter. The thm stems of reeds reach a height of 3000 mm with 
a base of only 15 mm diameter The height of the reed exceeds by 
two hundred times, and that of the rye haulm by five hundred times, 
the diameter of the base In comparison with these proportions our 
highest and most slender buildings, such as tall chimneys, are 
extremely thick structures ; in them the height is only from twelve to 
seventeen times the diameter of the base. In addition, moreover, 
to the great disproportion between the height and diameter of 
plants, they are often surmounted by a heavy weight at the summit , 
the rye straw must sustain the burden of its ears of grain, the 
slender Palm the heavy and wind-swayed leaves, which in Loclokea 
Seehellaium have a length of 7 m. and a breadth of 3-4 m., while 
m the Palm Haplua taedigera the leaves reach a size of 20 m m 
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length and 12 m m breadth In the case of free-growing plants, 
•which attain the height of high buildings, e.g Eucalyptus and Sequoia, 
the proportions noticed in a single grass-haulm no longer obtain 

In plants, however, the rigid immobility of a building is not 
required, and they possess instead a wonderful degree of elasticity. 
The rye straw bends before the wind, but only to return to its 
original position when the force of the wind has been expended 
The mechanical equipment of plant bodies is peculiar to themselves, 
but perfectly adapted to their needs The firm but* at the same 
time elastic material which plants produce, is put to the most varied 
uses by mankind ; the wood forms an easily worked yet sufficiently 
durable building material, and the bast fibres are employed for a 
variety of economic purposes 

In young stems and plants, in which the stiff but elastic wood 
and sclerenchvmatous fibres are not developed, the necessary rigidity 
cannot be attained in the same way as m the older and woody stems. 
But although the principal component of such young stems is water 
{often 90 per cent or more), they maintain a remarkable degree of 
rigidity and elasticity through the elastic tension of their extremely 
thin and delicate cell walls. 

Turgidity. — When air or water is forced, under pressure, into an 
elastic receptacle such as a rubber tube, the walls of the tube be- 
come stretched and the tube longer and thicker. By this process 
the tube becomes just so much stiffen and firmer the greater the 
internal pressure and the more elastic and thinner its wall By the 
similar tension of their elastic cell walls arising from internal pressure, 
the rigidity and elasticity of thin-walled plant cells, and organs com- 
posed of them, are maintained. The cellulose walls of parenchymatous 
cells are, m spite of their delicate structure, exceedingly firm and, 
at the same time, elastic , when distended, therefore, by a strong 
internal pressure they exhibit physical properties similar to those of 
a rubber tube In order to understand how such an internal pressure, 
actually existing withm a cell, can arise, it is necessary to take 
into consideration the physical phenomenon of osmosis, first in- 
vestigated by the botanist Dutkochet, and later more particularly 
studied by Pfeffer and De Vries Disregarding the recent and as 
yet merely theoretical views, according to which osmotic pressure, like 
that of steam, is supposed to be derived from the impact of motile, 
isolated molecules or ions against the walls, it will be assumed that 
osmosis is due simply to the mutual attraction of small particles of 
solid matter and their solvents It depends also on the molecular 
attraction which converts solid bodies into solutions, and which so 
operates that the dissolved substances become uniformly distributed 
throughout the solution 

When two solutions of unequal concentration are separated by a 
membrane whicli is equally permeable to both, an attraction and 
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diffusion of both liquids will take place through the separating mem- 
brane- If, however, the membrane is more easily permeated by one 
of the solutions than by the other, then a larger quantity of the one 
than the other will pass through it ; and, in case the membrane is only 
permeable for one solution, that one alone will be drawn through it 
If a pig’s bladder be filled with a solution of common salt and then 
immersed m water, the flow of water into the bladder is more rapid 
than the outflow of the salt solution, and, in consequence, an internal 
pressure is exerted within the bladder sufficient to expand it to a hard, 
rigid body. 

A pressure similar to that arising from the osmotic attraction of 
the salt solution is produced in plant cells by the substances, particu- 
larly organic and inorganic acids, salts and sugar compounds, held m 
solution m the cell sap The living protoplasm of the cell does not 
allow any of the substances dissolved in the sap to pass out, except 
such as escape through the diffusion taking place between the cells 
themselves. In this process a constant transmutation and transforma- 
tion of the cell substances occurs, but, as may be observed in cells 
with coloured cell sap, these are held m by the protoplasm, and m 
particular by the protoplasmic membrane (p. 51). These substances, 
however, draw in water through the cell avails and the protoplasm, 
aud so set up a pressure within the cells often as high as 3 atmo- 
spheres. In some instances this pressure may amount to 10, 12, 15, 
and 20 atmospheres ( e.g cells of the cambium and medullary rays of 
trees) Thus a tension is created which frequently exceeds that 
exerted by the steam of the most powerful locomotives. Through 
the force of such a tension the cell walls become so distended, that 
cells under the influence of this pressure or turgidity become longer 
and larger than m their unexpanded condition 

When, from any cause, the quantity of water in such a turgescent 
cell is diminished the internal pressure is naturally decreased, and the 
distended cell walls shrink together again. The cell grows smaller, 
and, at the same time losing its rigidity and elasticity, becomes soft 
and flaccid 

This condition occurs from natural causes when a succulent plant 
loses more water by evaporation than it can replace, and, m conse- 
quence, becomes flaccid. Such a flaccid plant plainly shows that the 
rigidity is not maintained by its framework of cell walls, but by the 
hydrostatic pressure within the cells, for with a more abundant water 
supply it returns to its original condition. 

In addition to loss by evaporation, water is also withdrawn from 
cells by the same molecular force which causes the internal or endos- 
motic pressure. In cases where the cells are surrounded by a solution 
which exerts an attraction upon water, the turgidity of the cells is 
proportionally weakened, and, if the force of the exosmotic pressure is 
sufficient, it may be altogether overcome On account of the consequent 
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plasmolysis, or the contraction and separation of the protoplasm from 
the cell walls, occasioned by the withdrawal of water, the tension of 
the cell walls is decreased, and the cell becomes 
flaccid and collapses (Fig. 167), although com- 
pletely surrounded by an aqueous solution If 
placed in pure water, however, the previous 
turgescence of the cells can be restored, that is, 
if their protoplasm has not been too strongly 
affected by the action of the solution. If the 
protoplasm has been killed in the process, it 
becomes permeable to water, and it is no 
longer possible to set up an internal pres- 
sure. Fresh sections of Beets or Carrots, 

placed in water, give up none of their sugar 
or colouring matter ; but after the protoplasm 
has been killed (by cooking or freezing), the 
sugar and colouring matter at once escape into 
the surrounding water, and the sections lose 
their firmness and rigidity 

Tlnougli a knowledge of the strength of a solution 
necessaiy to pioduce plasmolysis, a means is affoided 
of measuring the internal piessure within plant cells 
For example, if a solution of saltpetre v ith an osmotic 
pressure of 5 atmospheres (a 1 per cent solution, 
accoiding to Pfeffeb.’s investigations, gives rise to a 

0 lit Mil J. J till U HU - 

pressiue of about 34 atmospheres) is just sufficient to gescent, p, with turgoi 
overcome the tuigidity of a plant cell (which in the reduced, flaccid, shorter 
case of sti etched elastic cells shows itself by the limit an<l smallei, the proto- 

of contraction being reached), then, converselv, the plasm separated from the 

„ & ’ cell walls in folds, *s, 

cell sap exeits upon water an equivalent endosmotie lateral segments (x circa 

pressiue The foiee required to foicibly stietch a 6) 

flaccid oi plasmolysed oigan to its oiigmal length 

furnishes also a rough means of estimating the piessure developed in turgescent 
tissues 

In the tension produced by turgidity we see how purely physical 
processes determine the rigidity of plants. These physical processes 
are, however, dependent upon the vital functions of plants, inasmuch 
as they can only be called into action by living protoplasm. Living 
plant cells have thus power to regulate the physical effects of osmotic 
pressure by increasing or diminishing, or even suddenly overcoming 
their turgidity (cf. Movements of Irritability, p 269). It will also be 
apparent, in considering the operation of other physical forces, that 
the primary and essential result of the vital action is to give rise to 
the operation of physical processes, to favour, constrain, or vary them 
m such a way that they become of service to plant life. 

Tension of Tissues. — The rigidity of parenchymatous tissue, 
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although to a large extent dependent upon the tension arising from the 
turgidity of its individual cells, is nevertheless considerably enhanced 
by the opposing pressure between the inner and outer tissue systems, 
in particular, between the pith and the epidermal and cortical tissues. 
The pith m this case represents the cell sap, as it is continually 
striving to increase its volume , the epidermal and cortical layers, on 
the other hand, by the pressure of the internal pith cylinders, are 
stretched and distended, just as are the cell walls by the osmotic pres- 
sure of the cell sap. The tension thus arising from the mutual resist- 
ance of different tissue systems acts upon the various plant organs 
like the turgidity of the single cells, and keeps them firm and rigid 

The tension of tissues is easily demonstrated by removing a strip 
of the peripheral tissue from a piece of a turgescent stem (of a Sun- 
flower, Ilehuuthus, for example), and cutting out the pith. It will be 
found that the outer tissue at once becomes shorter, and the pith 
longer than when they were both united m the stem If the length 
of the stem experimented upon was 50 cm., the cortical strip 
would shrink to 46 cm , and the pith lengthen to 55-GO cm From 
this experiment it will be seen that the natural length of a stem 
represents the equilibrium maintained between the tendency of the 
pith to elongate and of the outer tissues to contract The cortical 
tissue between the epidermis and the pith affords a transition between 
the two extremes of tension, the inner cell layers are compressed like 
the pith, and the outer layers stretched like the epidermis. The 
tension of tissues is also demonstrated by the fact that each stup of 
a fresh shoot which has been split longitudinal ly will cuive outward, 
so that the pith forms the convex, the epidermis the concave side 

Theie is often a great dilteience intension e\en between the outei and inner 
layeis of the tissue of hollow oigans, such as the stalks of a Dandelion (Tmctxttcuuh 
officinal e), which, when split longitudinally, ciul into helices ol main turns, 
especially if placed in watei A tension exists wlieievei lesistaut and unequally 
strained tissues are m contact, and often occurs m paits of plants wheie it does not 
assist, as in the leaves and stems, in maintaining the rigidity of the plant body 
Longitudinal and transverse tensions occui, paiticulaily when, thiongh .seeoiy.hu y 
growth, newly foimed gioiung tissues have to oveieome the resistance of otliei 
tissues. In this way the pi unaiy and then the secondaij coitex of tiees become 
greatly stretched by the new cambial giovth, so much so, that if a ring of bark, 
be removed from a stem and then placed round it, its edges cannot he hi ought 
togethei again, even by the expendituie of consideiable force, on account of the 
tangential contraction which has taken place 

Iii the meristematic tissues of growing points there is scarcely any 
perceptible tension, while, on the other hand, m regions which are m 
a state of elongation the tension of the tissues attains its highest limit. 
After an organ has completed its growth the elasticity of the cell walls 
and the turgescence of the cells decrease ; and the tension of the 
tissues is therefore also diminished. The requisite rigidity is, however, 
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provided for by special groups of cells with thickened and hardened 
walls, which thus constitute a firm framewoik for the other tissues 
similar to the bony skeleton of the higher animals. 

Mechanical Tissues (Stereome). — The supporting framework of 
plants is provided by the thick-walled elements of the wood, the 
thickened sclerenchyrnatous fibres of the fundamental tissue and the 
bast, and more rarely by groups of stone-cells. The resistance which 
these forms of tissue offer when the attempt is made to cut or break 
them affords sufficient evidence of their hardness, tenacity, and rigidity. 
Moreover, Schwendener has been able to determine their mechanical 
value by means of exact physical experiments and investiga- 
tions. According to such estimates, the sustaining strength of 
sclerenchyrnatous fibres is, in general, equal to the best wrought-iron 
or hammered steel, while at the same time their ductility is ten or 
fifteen times as great as that of iron. Just as the mechanical tissues 
of the internal framework of plants exhibit the physical properties 
most essential for their purpose, their arrangement, as Schwendener 
showed, will also be found equally well adapted to the various ends in 
view, according as they may be required to withstand the strain of 
flexure, traction, or pressure To withstand bending, and to offer the 
utmost possible resistance to it, a peripheral disposition of the rigid 
mechanical tissue is the most favourable. 

When a straight rod (Fig. 168) is bent, the convex side elongates 
and the concave side contracts, that is, the 
outer edges {a, a and a /, a') are exposed to 
the greatest variations in length, while, 
nearer the centre (i, i and i\ i) the deflec- 
tion and consequent variations in length 
are less Accordingly, if the supporting 
skeleton of a plant stem be placed near 
the centre {i, %'), then a considerable degree 
of curvature is possible with but little 
flexure of the mechanical tissue Nearer 
the periphery it would be subject to 
greater strain, and so offer a greater re- 
sistance to the deflecting force In erect 
stems and flower-stalks, where rigidity is 
an essential requirement, the mechanical 
tissue is situated at the periphery, and 
often takes the form of projecting ridges 
(Fig 169, 1, 2) In roots, and m many 
rhizomes and stolons, as they must push 
circuitously between impeding obstacles, 
the skeleton system is central, as by this 
arrangement it is subject to less deflection, and can more effectually 
sustain strains upon its longitudinal elasticity (Fig 169, 4). Fig. 169, 3 


(f i i a 



Fig 1GS — Longitudinal section of an 
elastic cjlniflei befoie and aftei 
cunatuie Before cnnature the 
penpheial (« s a') and central (i, ^') 
\ eitieal lines axe of the same length 
(31 \ mm ) After curvature the 
peripheral line a! is <3 2 mm longer , 
the other peripheial line a 6 3 mm 
shoitei At the same time the 
cential hues undergo but little 
change of dimensions , is length- 
ened 1 2 mm mm shortened 
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represents a transverse section through a hand-like leaf of Phoimium 
tenax, the New Zealand flax, which may reach a length of two metres, 
it illustrates how such a leaf is strengthened hy sclerenchymatous 



Pig 169 — Disposition of mechanical tissue to secure ugulity Transverse sections, l, ot a \ cum* 
shoot of Scnnbucus, 2, of the floial shoot of Eiyngivvi, 3, of a leaf ot J'hnrmitm taint t 4, of a 
root, c, collench^ina, s, sclerenclryma functioning mechanical tissue (deeply shaded), 
green, and ic, colouiless leaf paieiieliyma , 7i, hjpodenna 

plates and strands. The mechanical elements of this leaf afford the 
strongest English ships’ cables. 

Where, however, pressure must be guarded against (as in Plum- 

stones, and in Hazel and Walnuts), the 
mechanical resistance is maintained by 
an arching mass of sclerotic cells, which, 
like sclerenchymatous fibres, are often 
further strengthened hy deposits of 
mineral matter. 

Stems of trees which have to support 
heavy and frequently large crowns, must, 
like pillars, be constructed to withstand 
pressure and bending 

All such heavily thickened, inflexible 
skeletal elements have lost their capacitj r 
for growth, and cannot, therefore, be 
utilised in those parts of plants which 
are in an actively growing state. In 
such cases where greater rigidity is re- 
quired than can be maintained by cell 
turgidity and tissue tension, it is secured by the development of 
COLLENCHYMA (p. 78). This tissue, according to Ambronn’s re- 
searches, in addition to its extreme resistance to tearing, possesses the 
power of elongating under the influence of the force of growth. The 


A nd 



Fig 170 — Diagrammatic trans\eise 
sections, to show method of secuimg 
rigidity by folding and i oiling In 
the outspiead organ A, to AMthstaml 
a pressiue acting m the direction ot 
the arrow, only the thickness d is 
available, but m the folded organ B 
the thickness D', and m the i oiled 
organ the thickness D ff 
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more capable it is of growth the more it responds to the growth in its 
neighbourhood. It forms, so to speak, the cartilaginous tissue of 
plants. In many organs, as for example m leaf-stalks, collenchyma is 
the permanent strengthening tissue. 

Since, as has already been pointed out, the resistance of the 
mechanical elements to flexure is greater the farther they are removed 
from the centre of an organ, it will be readily seen that, while a 
flattened, outspread organ can be easily bent, if it were folded or- rolled 
together, its power of resisting a deflecting force would be increased. 
In accordance with this principle many leaves become plaited or rolled 
(Fig 170), and so acquire a sufficient rigidity without the assistance of 
any specially developed mechanical tissues. 


II. Nutrition 

By nutrition are understood all the processes of metabolism, or 
the chemical transformation and conversion of matter carried on 
by plants in the production and appropriation of their food-supply. 
Without nourishment and without new building material no growth 
or development is possible As the processes of elaboration and 
secretion are continuous, if the food-supply is not kept equal to the 
demands made upon it, the death of the organism from starva- 
tion must ensue, while a continuance of its growth and further 
development is only possible •when there is a surplus of the elaborated 
food material. 

The Constituents of the Plant Body. — By means of chemical 
analysis the constituent substances of plants have been accurately 
ascertained. It requires, however, no analysis to realise that a part, 
often indeed the greater part, of the weight of a plant is derived from 
the water with which the whole plant is permeated. Water not only 
fills the cavities of living, fully-developed cells, but it is also present m 
the protoplasm, cell walls, and starch grains. By drying at a tempera- 
ture of 110°-120° C all water may be expelled from vegetable tissues, 
and the solid matter of the plant will alone remain. The amount of 
dried substance in plants varies according to the nature and variety of 
the plant and of the particular organ In woody parts it constitutes 
up to 50 per cent of their weight, but in herbaceous 'plants amounts 
to only 20 or 30 per cent. In more succulent plants and fruits it 
makes up only 5-15 per cent of their total weight; in water-plants 
and Algae, 2-5 per cent, while everything else is water 

The dried substance of plants is combustible, and consists of 
organic compounds, which contain but little oxygen, and are converted 
by combustion into simple inorganic compounds, for the most part 
into carbonic acid and water. The elements CARBON, hydrogen, and 
OXYGEN form the chief constituents of the combustible dried substance. 
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]SText to them in quantity is nitrogen, which is derived principally from 
the protoplasm After combustion of the dried substance of plants 
there always remains an incombustible residue, the ASH, consisting of 
the mineral substances contained in the plant. As these mineral 
substances undergo transformation dining the process of combustion, 
they are found in the ash m different chemical combinations than in 
living plants From numerous analyses made of the ash of a great 
variety of plants, it has been determined that nearly all the elements, 
even the less frequent, are present in plants. 

In addition to the four already named, the elements found in the ash ol plants 
aie sulphur, phosphorus, chlorine, iodine, bi online, fluonne, selenium, tellununi, 
arsenic, antimony, silicon, tin, titanium, boron, potassium, sodium, lithium, 
rubidium, calcium, stiontmm, barium, magnesium, zinc, copper, silvei. mercury, 
lead, aluminium, thallium, clnoniinm, manganese, non, cobalt, and nickel 


Many of these elements, indeed, occur onty occasionally and acci- 
dentally, while others — sulphur, phosphorus, chlorine, silicon, potassium, 
sodium, calcium, magnesium, and iron — are met with in almost every 
ash. As might be inferred from the irregular occurrence of many of 
the elements, they are not all necessary for nutution, and although 
their occasional presence m a plant may sometimes change certain of 
its special characteristics (thus the presence of zinc produces the so- 
called calamine varieties, such as, for example, Thlfiyn alj/ehii c iar 
calammaic, Viola laieu im cahumnnia, etc), they do not exercise a 
decisive influence upon its existence. 

The Essential Constituents of Plant Food. — Chemical analysis, 
while enabling us to determine the substances present m plants, does 
not show how far they are essential for nutution From culture 
experiments, in which the plants are grown in a medium of which the 
constituents are known, and kept under chemical control, it has been 
ascertained that, in addition to carbon, hydrogen, oxygen, and 
nitrogen, which form the principal part of the combustible elements 
of the dry substance of plants, sulphur, phosphorus, potassium, 
calcium, magnesium, and iron are absolutely indispensable to„ the 
growth “of all green plants. In the absence of even a single one of 
these elements no normal development is possible 

Accoiding to Molisch, only nine of these elements ai e requn od by the Fintjt. It 
is not, liowevei . non, as might be supposed, but calcium, that is unessential On 
the other hand, the ten substances named suffice for llie nutrition of most gteeii 
plants , but it is not to be denied that certain other substances arc of use m the 
plant economy and of advantage to growth, although not indispensable Thus, 
lor example, Buckwheat flounsh.es better when supplied with a chloride, and the 
presence of silica is advantageous as contributing to the rigidity of the tissues 
It lias also been discovered that by the presence of eeitam substances, m them- 
selves of no nututive value, the absorption of actual nutiitii e matter is increased 
(c/ p. 175). In the case even of the very poisonous copper salts, experience 
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has taught that when they are hiought into contact with the leaves (by &pi ink- 
ling the plants with solutions to pi event the mioads of insects), they exercise a 
beneficial influence on the formation of chloiopliyll, and increase assimilation, 
transpiration, and the length of life 

The nutritive substances are, naturally, not taken up by plants as 
elements, but m the form of chemical compounds Carbon, the 
essential component of all organic substances, is obtained by all green 
plants solely from the carbonic acid of the atmosphere, and is taken 
up by the green leaves. All the other constituents of the food of 
plants are drawn from the soil by the roots. Hydrogen, together with 
Oxygen, is obtained from water, although the oxygen is derived also 
from the atmosphere and from many salts and oxides. Nitrogen is 
taken up by the higher plants only m the form of nitrates or ammonium 
salts. As the ammonia of the soil formed by the soil bacteria from 
organic decaying matter is transformed by the help of other so- 
called nitrifying bacteria into nitrites, and eventually into nitrates, 
only the nitrogen combined in the nitrates need be taken into 
consideration 

Bacteria, as contrasted with the lnghei plants, aie paiticulaily ehaiacteiit>ed by 
their attitude towaids nitrogen. In addition to the bactena, w Inch, by their 
nitrifying capability, are o 1 seiviee to gieen plants, there aie othei soil bactena 
which set fiee the mtiogen of nitrogenous compounds and thus lendei it unsei vice- 
able for the nutrition of gieen plants. On the othei hand, othei 1‘oims of bactena 
convert the free nitrogen of the air into compounds (amides ’) which serve 
not only for themselves, but also for the highei plants as convenient mtiogenous 
food material This remarkable nitrifying powei of bacteria has led to a life 
paitnership (symbiosis) between them and some of the lnghei plants ( Lcgumiaosae ) 
In such symbiotic lelations the bacteria piovide the highei plants v ith nitrogen m 
a ionn in which it may be assimilated, while, in turn, they’ aie supplied with the 
caibon compounds essential foi their nutrition ( cj p 211 and Fig 186) 

SuLPHURand PHOSPHORUS form, like nitrogen, important constituents 
of protoplasm All proteid substances contain sulphur The sulphur 
is taken into plants m the form of sulphates ; phosphorus m the form 
of jAosphates. Potassium, unlike sodium, is essential to plant life, and 
is presumably active in the processes of assimilation and in the forma- 
tion of protoplasm , it is introduced into plants m the form of salts, 
and constitutes 3-5 per cent of the weight of their dried substance 
Magnesium, like potassium, participating m the most important 
synthetic processes of plants, is found m combination with various 
acids, particularly in reservoirs of reserve material (m seeds to the 
extent of 2 per cent) and in growing points (m leaves only \ per cent). 
CALOIUM also is taken up in the form of one of its abundant salts, and 
m considerable quantities (2-8 per cent) Calcium plajs an im- 
portant part in the metabolic processes of plants, not indeed as an 
actual constituent of protoplasm, but as a vehicle for certain other 
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essential substances, and, through its capacity to form compounds, as a 
means of fixing and rendering harmless hurtful by-products. Iron, 

although of the greatest importance in 
the formation of chlorophyll, is present 
m plants only in small quantities. 

In order to determine the nutritive 
value of different substances the method 
of water-culture lias proved particu- 
larly useful (Fig 171). In these culture 
experiments the plants, grown either 
directly from the seed or from cuttings, 
are cultivated in distilled water to 
which hare been added certain nutritive 
salts. If all the essential nutritive salts 
are present in the culture solution, 
even larger plants, such as Indian Corn, 
Beans, etc , will grow to full strength 
and mature seeds as well as if giown in 
earth It is not necessary m these ex- 
pel iments to provide carbon compounds 
in the nutrient solution, as plants do 
not deuve their carbon supply through 
their roots, but, with the help of their 
leaves, from the carbonic acid of the 
atmosphere 

The young plants would grow for a 
time just as well m pure distilled water 
as in the nutrient solution , blit as the 
supply of nourishment stored in the 
seeds became exhausted, they would 
gradually cease to grow, and die. If 
one of the essential constituents of 
plant food be omitted from the nutrient 
solution, although the young plants 
would grow better than m the* dis- 
tilled water, they would in time be- 
come abnormally developed. When, for example, a plant is grown" 
in a nutrient solution containing all the essential food elements 
except iron, the new leaves developed are no longer green, but are of a 
pale yellow colour ; they are “ CHLOROTIC, 5 ’ and not in a condition to 
decompose the carbonic acid of the atmosphere and nourish the plant 
Upon the addition, however, of a mere trace of iron to the solution the 
chlorotic leaves in a very short time acquire their normal green colour. 


Fig 171 — Watoi-cul tines of Intijoptn um 
rsuihntum I In lm+uent solution 
containing potassium , II , m nutrient 
solution without potassium (AftPi 
Nobbe, i educed ) 


So long as the necessary nutritive substances are provided, the form m Inch 
they are offered to the plants, as well as the pioportionate strength of the nutrient 
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solution (if not too concent: ated), may vary Plants have the power to take up 
these substances m very different combinations, and are able to absoib them m 
other proportions than those in which they oecui m the soil. In concentiated 
nutrient solutions the absorption of water is increased , conveisely, in veiy dilute 
solutions it is the salts that are chiefly taken up. The presence also of ceitam 
substances often exerts an active and generally beneficial influence upon the 
capacity foi absoibing other substances thus, calcium salts mciease the absorp- 
tion of potassium and ammonium salts The following are the proportions of one 
among the many nutrient solutions recommended : 


Distilled ’water 

1000 to 1500 grams. 

Potassium nitrate 

1 0 „ 

Magnesium sulphate 

0*5 „ 

Calcium sulphate 

0 5 ,, 

Calcium or potassium phosphate 

0 5 ,, 


To this solution a trace of some iron salts should be added. 

The solution should be kept m the dailc to prevent the development of algoid 
growths, and occasionally aerated duimg the cultui'e experiment. 

As a most important result of such culture experiments, it has 
been demonstrated that only the ten elements already named are 
necessary for the growth of plants ; all other elements, although 
present in plants m large quantities, are of subordinate value to plant 
life This is true, for instance, of SODIUM, which in combination with 
chlorine actually predominates in some plants, and occasions the 
characteristic development of many of the succulent salt-plants ; and 
also of SILICON, which, as silica, is so abundantly deposited m the cell 
walls of many plants — Equisetaceae , Grasses, Sedges, Diatoms (m the ash 
of Wheat-straw 70 per cent, and of Equisetaeeae 70-97 per cent) — 
that, after combustion of their organic substances, it remains as a firm 
siliceous skeleton, preserving the structure of the cell walls. The 
hardness and firmness of the cell walls are so greatly increased by 
these siliceous deposits that some of the Equisetaeeae are even used for 
polishing and scouring; while the margins of grass blades, from a 
similar deposition of silica in their cell walls, are often rendered sharp 
and cutting. The silicified cell walls of Diatoms occur as fossils, and 
form deposits of siliceous earth (Kieselguhr) in some geological for- 
mations. The value of the siliceous concretions, termed “ Tabasheer,” 
that are found within the joints of Bamboo has not, as yet, been 
satisfactorily explained Aluminium, although like silica everywhere 
present in the soil, is only in exceptional instances taken up by plants. 
Aluminium has been detected in the ash of Lycopodiaceous plants , 
Lycopodium complanatum contains a sufficient quantity of acetate of 
aluminium to render the sap useful as a mordant. The same salt is 
found also in Grapes. On the other hand, although scarcely a trace of 
iodine can be detected by an analysis of sea- water, it is found, neverthe- 
less, m large quantities in sea-weeds, so much so that at one time 
they formed the principal source of this substance. 
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It was first asserted by 0. Sprengel, and afterwards emphasised 
by Liebig, that the mineral salts contained m plants, and once sup- 
posed to be products of the vital nrocesses of the plants themselves, 
were essential constituents of plant food. Conclusive proof of this 
important fact was, however, first obtained by the investigations of 
WlEGMANN and POLSTORFF 

The actual propoitions of the more impoitant ash constituents of some well- 
known plants can he seen from the following table of ash analysis by W olff. The 
table also shows exactly what demands those plants make upon the soil, that is, 
what substance they take away from it, in addition to the nitrates which do 
not appear in the ash 

The great diffeience brought out by the table in the propoitions of the moie 
important phosphoric acid and of the less essential silica and lime contained m Rye 
and Pea seeds, as compared with the amounts of the same substances m the straw , 
is w 01 thy of especial notice. 


Plants 

Ash iil 

100 parts of 
dry solid 
mattei 




100 Parts of ash contain 




K 2 0 

KaoO 

CaO 

MgO 

Fe_,G 3 

MnjOi 

P,O 0 

SOj 

" 

biOj 

Cl 

Bye (giam) 

2 00 

32 10 

1 47 

2 04 

11 22 

1 24 


47 74 

" 

1 2S 

1 37 

0 48 

Rye (straw) 

4 40 

22 5b 

1 74 

S 20 

3 10 

1 01 


6 53 

4 25 

49 27 

2 IS 

Pea (seeds) 

2 73 

43 10 

0 os 

4 81 

7 90 

0 S3 


35 90 

3 42 

0 91 

1 50 

Pea (straw) 

5 13 

| 22 90 

4 07 

36 82 

S 04 

1 72 


8 05 

b 2b 

b S3 

5 04 

Potato (tubeis) 

S 70 

oo oil 

2 % 

2 04 | 

4 03 

1 10 


lb Sb 

b 52 

2 04 

3 46 

Grape (tiuit) 

5 10 

5b 20 

1 42 

10 77 i 

4 21 

0 37 


15 5S 

5 b2 

2 75 

1 52 

Tea (leaves) 

3 20 

34 30 

10 21 

14 82 

5 01 

5 48 


14 07 

7 05 

5 04 

1 84 

Coffee (beans) 

3 19 

02 47 

1 04 

o 20 

9 o9 

0 65 


13 20 

3 SO 

0 54 

0 Ml 

Tobacco (leaves) 

17 10 

29 09 

8 21 

i 30 02 

7 3b 

1 95 


4 bb 

1 b 07 

5 77 

b 71 

Cotton (fibres) 

1 14 

30 00 

13 lb 

j 17 52 

5 36 

0 b0 


10 b8 

1 5 04 

2 40 

7 60 

Spruce (w ood) 

0 21 

10 Ob 

1 37 

33 97 

11 27 

1 42 

23 96 

2 42 

2 b4 

| 

2 73 

0 07 


Plants which requue a laige amount of potassium, such as the Potato, Grape- 
vine, and Coffee-tree, aie termed potash plants 

In the preceding table the hguiessdo not express absolutely constant pi opoi- 
tions, as the percentage of the constituents of the ash of plants varies aecoidmg to 
the charactei of the soil , thus, the piopoition of potassium m Clovei vanes fiom 
9 to 50 per cent ; the pioportion of calcium m Oats fiom 4 to 38 pei cent 


The Process of Absorption. — As all matter taken up by plants 
must, as a rule, pass through continuous cell walls, it must be absorbed 
in a liquid or gaseous state The only exception to this rule occurs m 
the amoeboid forms of the lower plants ( Amoebae and Plasmodia), 
which, as they have no cell walls, are m a condition to take up and 
again extrude solid matter (small animals, living or dead, also plants 
and particles of inorganic substances) 

The fact that plant cells are completely enclosed by continuous 
walls renders it necessary that food, to pass into the cell, must be 
either liquid or gaseous In this condition the constituents of plant 
food are, however, imperceptible, and thus the manner of plant nutrition 
remained for a long time a mystery, and it was only during the 
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last century that the nature of the nourishment and nutritive processes 
of plants was recognised. 

Plant nourishment is dependent upon the permeability of the cell 
walls to liquids and gases. Although impervious to solids, the cell 
walls of living cells are permeated with “ imbibed ” water ; and to this 
“ imbibition water ” m the cell walls, together with the physical char- 
acter of the cell walls themselves, are due their flexibility, elasticity, and 
ductility. The permeability of cell walls for imbibition water is only 
possible within certain limits, so that they thus retain the character 
of solid bodies. 

Treated with certain chemical reagents (potassium hydrate, sulphunc acid, 
etc.) cell walls become swollen and gelatinous, oi even dissolve into a thin 
mucilaginous slime. This change m their character is due to an increase in the 
amount of their imbibition water, induced by the action of the chemicals , other- 
wise, the water imbibed by ordinary cell walls is limited in amount. The walls 
of woody cells take up by imbibition about one-tlmd of then weight , the cell walls 
of some seeds and fruits and of many Algae absoib many times their own volume. 

The cell walls are not only permeable to pure water, 
but also to substances in solution This fact, that the cell wall 
offers no resistance to the diffusion of crystalloid bodies when in 
solution, is of the utmost importance to plant nutrition , cell walls, 
on the other hand, which are scarcely or not at all permeable to 
liquids (cuticularised walls), take no part m the absorption of plant 
nourishment, except m so far as they may still be permeable to gases 

In order that liquids may enter by osmosis into the living cell, they 
must first pass through the protoplasm, % e. the lining of the cell wall. 
Living PROTOPLASM is not, however, like the cell walls, equally per- 
meable to all substances m solution, but, on the contrary, completely 
EXCLUDES CERTAIN SUBSTANCES, WHILE ALLOWING OTHERS TO PASS 
THROUGH MORE OR less readily. Moreover, it is able to change 
its permeability according to circumstances, and thus THE OUTER 
PROTOPLASMIC MEMBRANE HAS THE POWER OF DECISION, whether a 
substance may or may not effect an entrance into the cell. Similarly 
the 3NNER protoplasmic membrane exercises a similar but often 
quite distinct power over the passage of substances from the proto- 
plasm into the cell sap. The same determinating power is exercised 
by these membranes in the transfer of substances in a reverse direction. 
On account of the selection thus exercised by the protoplasm, it is 
possible that, in spite of continued osmotic pressure, the contents of a 
cell are often of quite a different chemical nature from the immediately 
surrounding medium To this same peculiar quality of the proto- 
plasmic membranes is also due the selective power of cells, manifested 
by the fact that different cells, or the roots of different plants, 
appropriate from the same soil entirely different compounds ; so 
that, for instance, one plant will take up chiefly silica, another 



178 


BOTANY 


PART I 


lime, a third common salt, while the aluminium, on the other hand, 
is rejected alike by all three. Tlie action of sea-weeds in this 
respect is even more remarkable ; living m a medium containing 3 
per cent of common salt, and but little potassium salts, they nevertheless 
accumulate much larger quantities of potassium than sodium. In 
addition they store up phosphates, nitrates, and iodine, — substances 
which are all present in sea-water in such small quantities as scarcely 
to be detected by chemical analysis. 

That osmosis may continue from cell to cell, it is essential that 
the absorbed material must become transformed into something else, 
either by the activity of the protoplasm or by some other means. 
Local accumulations of sugar or other soluble reserve material m 
fruits, seeds, bulbs, and tubers would otherwise not be possible ; for 
osmotic action, if undisturbed, must m the end lead to the uniform 
distribution of the diffusible substances equally throughout all the 
cells. But if equilibrium is prevented by the transformation of the 
diffusible substances into others that are indiffusible, the osmotic 
currents towards the transforming cells will continue, and the altered 
and no longer diffusible substances will be accumulated in them. In 
this manner glucose passing into the cells of tubers or seeds becomes 
converted into starch. As a result of this a constant movement of 
new glucose is maintained towards these cells, which thus become 
reservoirs of accumulated reserve material. 

From the power of protoplasm to regulate osmotic currents, in that 
by reason of its permeability it allows the osmotic forces to operate, 
or, on the other hand, may modify and altogether prevent them, it is 
apparent that here also, just as in the case of the rigidity of plants, 
osmosis, although a purely physical phenomenon, is controlled by the 
protoplasm and rendered serviceable to plant life 


Water and Mineral Substances 

The fact that water is essential to the life of all living organisms is 
so obvious that, in the infancy of natural history and philosophy, "from 
Thales to Empedocles, water was regarded as the original principle 
of all existence, at least of the organic world. Even so late as the six- 
teenth century it was held by Van Helmont, the first to investigate 
experimentally the question of the nutrition of plants, that the whole 
substance of plants was formed of water. If the importance of water 
in this respect was greatly overrated, the universal necessity of water 
for all vital processes is still recognised in the present more advanced 
stage of scientific knowledge. Without water there can be no life. 
The living portions of all organisms are permeated wrm 
water; it is only when in this condition that their vital processes 
can be carried on. Protoplasm, the real vehicle of life, is, when living, 
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of a viscous, thinly fluid consistency, and when freed from its water 
either dies or becomes perfectly inactive 

The en cum stance that protoplasm, when in a state ot inactivity, as m spores 
and seeds, can often endure a certain degree of desiccation for a limited time, forms 
no exception to this rule Dui mg such periods its actual vital functions entirely 
cease, and only renew their activity when watei is again supplied. 

In most plants desiccation occasions death, and it fo always to he legaided as 
due to some special piovision 01 exceptional quality when entire plants 01 their 
leproductive bodies can be again brought to life by a subsequent supply of water. 
Thus, for example, some Algenan species of Tsoctcs, and the Cential Ameiican 
tielagi/iella lepidophyUct, can withstand droughts of many months’ duration, and 
on the first rain again burst into life and lenew their giowth. In like manner 
many Mosses, Liverworts, Lichens, and Algae gi owing on baie locks, tree-tiunks, 
etc., seem able to sustain long seasons of di ought without injury Seeds and 
spores, after sepaiation fiom then paient plants, lemam pioductive foi a long 
time ; seeds of Mimosa, which had been kept diy foi ovei -uxty years, pioved as 
capable of germination as tlio&e ot leeent giowtli A similai vitality was shown by 
moss spores which had lam in a heibauum fifty yeais The otten-iepeated assertion 
concerning the germination ot wheat found with Egyptian mummies (‘'mummy- 
wheat”) has, liowevei, been shown to he enoneous, Many seeds lose their power 
of germination aftei hating been kept diy toi only a veai , others, even aftei a few 
days , and others again, as the seeds ot the willow, cannot endrae diymg at all. It 
must not be ioi gotten that m all these instances a certain amount of hygroscopic 
water is letamed by plants even when the air is quite diy Ovei the sulphmic 
acid ot the desiccator, seeds retain foi w eeks 6 per cent or more of their weight of 
water The withdrawal of this hygioscopicallv absoibed watei kills all vegetable 
tissues without exception. 

Apart from permeating and energising tlie cells, water has other 
and more varied uses in plant life. It is not only directly indis- 
pensable for the solution and transportation of the products of 
metabolism, but also indirectly, in that its elements, hydrogen and 
oxygen, are made use of m organic compounds in plant nutrition. 
Water thus used (of. p. 200) may be designated constitution water. 
It is also necessary for the turgidity and consequent rigidity of paren- 
chymatous cells (p. 165) , it is of use m the process of the growth of 
plant cells, which take it up in large quantities, and, through their 
consequent expansion, enlarge their volume with but little expenditure 
of organic substance 

A further and still more important service which water performs 
for plants consists m the conveyance and introduction into the 
PLANT BODY OP THE NUTRIENT SUBSTANCES OF THE SOIL. Although 
a large amount of water is retained in the plant body (up to 96 per 
cent m succulent tissues) for the maintenance of rigidity and enlarge- 
ment of the organs, a still larger quantity of the water taken up by 
the roots passes through the plant merely as a medium for the trans- 
port of nourishment, and is again discharged through the leaves by 
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evaporation. By this transpiration from the aerial part of plants, 
the water passing into them from the roots escapes, and at the same 
time, by preventing saturation, which would otherwise be produced, 
tends to maintain a continuous upward movement of the water The 
current of water thus produced is accordingly termed the transpira- 
tion CURRENT. As the result of evaporation only water, in the form 
of vapour, and gases can escape from the plant. As the watery fluid 
ABSORBED BY THE ROOTS CONTAINS SALTS, OXIDES, AND OTHER NON- 
VOLATILE SUBSTANCES IN SOLUTION, THESE ON EVAPORATION ARE LEFT 
IN THE PLANT AND GRADUALLY INCREASE IN QUANTITY. This 
accumulation of mineral salts is absolutely necessary for the plant, for 
the nutrient water taken up by the roots is so weak in mineral 
substances (it contains but little more solid matter than good drinking- 
water), that the plant would otherwise obtain too little food if it were 
only able to take up as much water as it could retain and make 
use of 

All those contrivances in plants, therefore, which render 

POSSIBLE OR PROMOTE EVAPORATION, OPERATE CHIEFLY IN THE 
service of nutrition Were transpiration not m the highest degree 
useful and even necessary for the acquisition of mineral substances, 
provision would certainly have been made by plants to restrict it 
within the smallest possible limits For transpiration increases the 
amount of water required by plants disproportionally to their powers 
of absorption, and exposes them, moreover, to the danger of perishing 
through the insufficiency of their water-supply 

Heibaceous land plants evaporate, in a few days, according to the calculations 
of Sachs, moi e than then ov u w eight o 1 watei A Tobacco 01 Sunflov ei plant w ill 
lose by evaporation m one day as much as a litie of water, and it has been 
estimated that trees lose in the same way 50-100 litres daily' 

In spite of the increased danger of drying up, as the result of 
evaporation, special provision is made by plants for facilitating trans- 
piration (p. 188) To supply the increased demands for water thus 
produced there is set up a strong current of water containing nutritive 
salts in solution, which passes through the plants, and after yielding up 
its solid constituents, escapes in the form of invisible aqueous vapour 
Thus plants, in order to obtain their nutrient substances, proceed m 
the same manner as the smaller animals (Sponges, Ascidians), which 
draw m and maintain a continual flow of water through their bodies, 
in order to retain as food the nourishing particles suspended in it. 

The Absorption of Water. — “Water,” as here used, it must 
always be remembered, does not mean chemically pure water, but rather 
a DILUTE WATERY SOLUTION OF VARIOUS SUBSTANCES IN THE ATMO- 
SPHERE, FROM THE MINERAL SALTS OF THE EARTH, AND FROM ORGANIC 
HUMUS. In this connection it is also necessary to emphasise the fact 
that LIVING PLANTS DO NOT ABSORB THIS NUTRIENT WATER IN- 
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actively and involuntarily, as a sponge, but through the peculiar 
selective power of their cells (p. 177) they exercise a choice from 
among the substances available. 

The simpler and less highly developed plants, which are but slightly 
differentiated, are able to absorb water through the surface of their 
whole body. This is also generally true of all submerged aquatic plants, 
even of the Phanerogams. Water-plants which obtain their nourish- 
ment in this way often either possess no roots ( Utricularia , Sahima ), 
or their roots serve merely as mechanical hold-fasts. With plants 
living on dry land the conditions are quite different ; their stems 
and leaves develop in the air, and they are restricted to the water held 
by capillarity in the soil. In order to obtain this water in sufficient 
quantities, special organs are necessary, which may spread themselves 
out in the soil in their search for water. These organs must absorb 
the water from the soil, and then force it to the aerial portions of the 
plant This office is performed for a land plant by its root system, 
which, in addition to providing the supply of water, has also the task 
of mechanically sustaining the plant, and withstanding all influences 
which could lead to a disturbance of equilibrium by loosening the hold 
of the plant on the earth 

Conversely, loose soil is naturally bound together by the blanching roots , and 
on this account plants have an economic value m holding together loose eaith, 
particularly on dykes and land subject to inundation. 

If the development of the root system of a germinating Bean or 
Oak be observed, it will be found that the growing root of the embryo 
at once penetrates the soil and pushes straight downwards Lateral 
roots are then given off from the main axis, and, growing either 
horizontally or diagonally downwards, penetrate the earth in the 
neighbourhood of the primary root These lateral secondary roots in 
turn develop other roots, which radiate in all directions from them, 
and so occupy and utilise the entire soil at their disposal The 
branching of the root system can proceed in this manner until, within 
the whole region occupied by the roots of a large plant, there is not a 
single cubic centimetre of earth which is not penetrated and exhausted 
by them. 

All plants do not form a deep-gi owing tap-ioot like tliat of the Oak, Silver Fir, 
Beet, Lucerne, etc , some confine themselves to utilising the superficial layers of 
the soil by means of a thickly-branched lateral root system (Pine, Cereals) The 
agriculturist and forester must, accordingly, take into consideration the mode of 
branching and giowth of the roots of a plant just as much as the habit of growth of 
its aerial portions Plants which make use of different layers of soil may be 
safely cultivated together m the same soil, and succeed one another m the same 
giound. For similar reasons, m setting out trees along the holders of fields, the 
deep-rooted Elm should be prefened to the Poplar, whose roots spread out near the 
surface 

Gardeners are m the habit of cutting off the tap-roots for the sake of conveni- 
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ence in transplanting or for pot eultme, and also to force a more vigoious develop- 
ment of the lateial roots 

Desert or xeroplulous plants, according to tlie obsei vations of Volkens, send 
out deeply penetrating roots, which only branch piofusely on reaching depths 
where they find water. 


In order to secure a still more intimate contact with the particles 

of the soil, there are produced from 
the surface of roots small, exceed- 
ingly numerous and fine, cylindri- 
cal bodies, which penetrate the 
smallest interstices of the soil, and 
fasten themselves so closely to its 



Fig 172 —Tip of a ioot-lian with adlienng 
pai tides of soil (xcnca 240 ) 


smallest particles as to seem actu- 
ally grown to them (Fig. 172). 


These ultimate branches of the root system, 
which discover the very smallest quantity 
of moisture, and seek out the most con- 
cealed crevices in their search for nourish- 
ment, are the root-hairs (p. 95), — delicate 
tubular outgrowths of the epidermal cells. 
Although they have the diameter of only 
a medium - sized cell, and appear to the 
naked eye as fine, scaicely visible, glistening 
lines, they often attain a length of several 
millimetres and enormously enlarge the ab- 
sorbing surface of their parent root. Accord- 
ing to F. Schwarz the epidermal surface of 
the piliferous zone of the roots of Pimm, 
which has 230 root-hairs to the square milli- 
metre, is thus increased twelvefold. 

The root -hairs do not cover the whole 
surface of roots, not even m the youngest roots, 
but only a comparatively small zone, a short 
distance above the growing root-tip. Soon after 
they have attained their greatest length, and 
have come into the closest contact with the 
earth particles, they die off. New root-hairs are 
developed to supply their place, so that a zone 
of root-hairs is thus constantly maintained just 
above the root-tip ; while beyond this advancing 



zone of hairs the root epidermis becomes again 
completely divested of root-hairs (Fig. 173). 
To be convinced of this fact, it is only necessary 
to carefully pull up a young plantlet growing in 
a loose and not too dry soil, as such a condition 


Fig 173 —Secdlmg of Carpmus 
j Bet ulus ?, Zone of root- 

hairs neai loot-tip , h, liypo 
cotyl, hw, mam root, sir, 
lateral loots , 7, l', leat ; e, 
epicotjl, c, cotyledon?. 


is especially favourable for the development of root-hairs. Each root, 
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just above the tip, will be found clothed for a short distance with earth 
particles held fast by root-hairs, which thus mark the zone occupied by 
them. The older parts of roots, even in plants which persist for many 
years, take no part m the process of absorption. They envelop them- 
selves with cork, increase their conducting elements by growth in 
thickness, and function exclusively in the transfer of the water 
absorbed by the younger portion of the roots. Even in the young 
roots the absorption seems principally confined to the regions covered 
with root-hairs, or, in case no root-hairs are developed, to a correspond- 
ing zone of the root epidermis. 

Through the intimate union of the youngest roots with the soil, 
they are able to withdraw the minute quantity of water still adhering 
to the particles of earth, even after it appears perfectly dry to the sight 
and touch There still remains, however, a certain percentage of 
water, held fast in the soil, which the roots are not able to absorb. 
Thus, Sachs found that the water left by a Tobacco plant, and which 
it could not absorb, amounted in cultivated soil to 12 per cent, in 
loam to 8 per cent, and in sand to 1 \ per cent The root-hairs seem 
to take up chiefly the substances held by the soil by means of its 
ABSORPTIVE POWER. 

The absorptive power of soil depends, partly, upon chemical changes taking 
place within it, but partly also on physical processes (the superficial adhesive 
force of its particles) The chemical changes are especially concerned with the 
retention of ammonium and potassium salts, as -well as phosphates ; the former as 
difficultly soluble silicates or double silicates, while phosphoric acid is held in 
combination with calcium or iron. Magnesium and calcium salts are, on the 
contrary, but slightly absoibed. They are, like the chlorides, the nitrates, and, 
in part, also the sulphates, easily displaced , m soil tieated with a solution of 
saltpetre, for example, the potassium will remain in combination in the soil, while 
calcium nitiate passes off m solution 

Humus acids contribute, to a certain extent, to the chemical changes occurring 
m soil, as do also soil bactena, which possess strongly oxidising and reducing powers. 

The absorptivity of the soil, which, moreover, is not absolute, and vanes with 
different soils (sandy soil absorbs poorly), operates advantageously for plants by 
the consequent lapid accumulation of large supplies of food-matenal for their 
gradual absorption 

The absorptive power of soil for w ater is due to its capacity to retain w ater by 
capillarity, so that it does not run off. Of the soils investigated by Sachs, 
cultivated soil retained m this way 46 per cent, loam 52 per cent, and sand only 
21 per cent of water. 

The activity of the roots in providing nourishment is not only 
manifested in overcoming the adhesive and absorptive power of the 
soil. The young roots, and especially the root-hairs, in addition to 
the carbonic acid exhaled by them, and which, no doubt, also aids in 
loosening the soil, excrete a stronger acid, by means of which they 
dissolve otherwise insoluble substances Boots growing upon a 
polished plate of marble will so corrode it that an etched pattern of 
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their course and direction is thus obtained. By placing the roots upon 
litmus paper, it may be demonstrated that the corrosion is due to the 
action of an acid. 

The nutrient water with which the cell walls of the epidermal cells 
and root-hairs first become permeated is taken up by the epidermal 
cells, and thence passes through the cortical cells and the endodermis 
(p. 113) to the central cylinder of the root. 

The Distribution of the Nutrient Water — 1. Boot-Pressure. — 


The causes which determine the direction and strength of the movement 
of the water through the living cells of the root-cortex into the vascular 
bundles are not yet fully understood. The fact that the water does 
actually pass into them, but at times indeed is forced into them with 
a considerable pressure, may be easily demonstrated. If the stem of a 



Fig. 174 — Vigoious exudation of water 
as the result of root-piessuie fiom 


strongly-growing plant, such as the Sun- 
flower, Dahlia, or Indian Corn, he cut off 
close above the ground, and the cut 
surface dried and then examined with a 
magnify mg-glass, water will, in a short 
time, be seen to exude from the severed 
ends of the bundles. By close inspection, 
it is also possible to determine that the 
water escapes solely through the vascular 
or woody portion of the bundles. When 
the soil is kept warm and moist the out- 
flow will be greater, and will often con- 
tinue for several days. During this time, 
a half-litre or more of water will be dis- 
charged. This water, as analysis shows, 
is not pure, but leaves on evaporation 
a residue of inorganic and organic sub- 
stances. 

Again, if a hollow glass tube be placed 
on the root-stump and tightly fastened by 
rubber tubing, the exuded fluid will he 
forced up the glass tube to a considerable 
height. How great the force of this 
pressure is may be shown by attaching 


a cut stem oi Dahlia vanaiihs an S tube to the stump and closing it 
The smoothly cut stem sis joined -.i /p- -.741 mr i 

to the glass tube g by means of raerculy v,r J 0 . 1 • **)• COlUmn 

the rubber tubmg o The water of mercury will in some cases be forced 

iv absorbed by the roots from the to a height of 50 or 60, and under favour- 

soil, is pumped out of the vessels , , ° , . , . . _ * 

of the stem with a force sufficient conditions to 100 OF 111016 Centl- 


to overcome the resistance of the metres, thus indicating a root-pressure 
column of mercury q which may sometimes considerably exceed 

one atmosphere, and is of sufficient power to raise a column of water 
6, 8, and 1 3 metres high. 
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If, instead of the effects of the pressure, the volume of water exuded each hour 
be observed, the remarkable fact will be demonstrated that the roots regularly 
discharge more water at certain hours than at others (Periodicity of Root- 

PttESSTJUE 

When it was shown that the roots were capable of exercising so great a 
pressure, it was at first believed that the ascent of the sap to the tops of the 
highest trees was due to root-pressure This, however, would be impossible m 
view of the following considerations The volume of water supplied by root- 
pressure is not sufficient to satisfy the quantity given off by evaporation On the 
contrary, by moderately vigorous transpiration, such as takes place on a summer 
day, the root-pressure is of a negative character. Thus, if an actively evaporating 
plant be cut off near the root, no outflow of water will take place. On the other 
hand, the stump will energetically draw m water supplied to it ; and not until it 
has become saturated does the force of the root-pressure make itself apparent. In 
plants growing under natural conditions, the loot-pressure is only effective on 
damp, cool days, or at nights, when the tran&pnation is greatly diminished. In 
spring, when the roots are beginning their activity, the conditions are most favour- 
able, the wood is full of water, and the transpiring leaves are not yet unfolded. 
When the wood is injured, “sap” is exuded m drops from the vessels and tracheids. 

The so-called bleeding from wounds or cut stems is chiefly due 
to root-pressure, but it is also augmented by the pressure exerted by 
the living cells of the wood (wood parenchyma, medullary rays). 
The out-flowing sap often contains, in addition to numerous 

SALTS, CONSIDERABLE QUANTITIES OF ORGANIC SUBSTANCES (dissolved 
albuminous matter, asparagm, acids, and especially carbohydrates). 

The amount of saccharine matter m the sap of some plants is so great that 
sugar may be profitably derived from it. The sap of the North Ameucan sugai 
maple, foi example, contains from 2 to 3 per cent of sugar, and a single tree will 
yield 2-3 kilos The sap of certain plants is also fermented and used as an 
intoxicating drink (palm wine, pulque, a Mexican beverage made from the sap of 
the Agave, etc ) 

The bleeding which takes place on w f aim, sunny wmtei days from wrounds or 
boungs m trees is not due to root-pressuie, but to purely physical causes. It is 
brought about by the expansion of the air-bubbles m the tracheal elements of the 
wood, and may be artificially produced at any time m winter by warming a freshly- 
cut piece of wood ; when the wood is allowed to cool, the air contracts and the 
water m contact with the cut surface will be again absorbed 

II The Water-conduction in Plants. — In living plant-tissues 
the cells of which require more or less water for their growth, for the 
maintenance or augmentation of their turgidity, and to supply the 
water lost by transpiration, there is a constant transfer of water 
from one cell to another. This transfer between the adjacent cells 
takes place much too slowly to equalise the great amount of water 
lost by evaporation from the foliage of a tall tree. In order to 
TRANSFER THE WATER, QUICKLY AND IN LARGER QUANTITIES, FROM 
THE ROOTS TO THE LEAVES, PLANTS MAKE USE, NOT OF THE LIVING 
PARENCHYMA, BUT OF THE WOODY PORTION OF THE VASCULAR 
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BUNDLES. The woody elements which thus conduct the water have 
no protoplasm \ they are to be regarded as dead cells, in which the 

last office of the protoplasm was 
to give the walls their peculiar 
structure 

III. The Transpiration Cur- 
rent. — It has long been known 
that the ascending transpiration 
current in woody plants, which is 
directed to the points of greatest 
consumption, flows solely through 
the wood. It had been observed 
that plants from which portions 
of the cortex had been removed, 
either purposely or accidentally, 
remained nevertheless perfectly 
fresh. The adjoining figure, taken 
from one of the first books in 
which the vital processes m plants 
were accurately described (Essays 
on Vegetable Statics, by 
Stephen Hales, 1727), shows the 
method employed in proving this 
fact experimentally (Fig. 175) 
At Z in the branch b all the 
tissues external to the slender 
wood have been removed Since 
the leaves of this branch remain 
as fresh as those of the branch c, 
it is evident that the transpira- 
tion current must pass through 
the wood and not through the 
cortical tissues. On the other hand, when a short length of the wood 
is removed from a stem, without at the same time unduly destroying 
the continuity of the bark, the leaves above the point of removal will 
droop as quickly as on a twig cut off from the stem. It has also 
been shown by experiment that m herbaceous plants the vascular 
portions of the bundles provide for the conduction of the ascending 
currents. 



Fig, 175 —Hales’ expenment to show tlio ascent 
of the sap in the wood. Although the coitex 
has been entirely remo\ ed at Z, and the wood 
alone left, the leaves of the blanch b remain 
as fresh as those on the unwjmed branch c , 
a;, vessel containing water Facsimile of the 
illustration m Hales’ Vegetable Status, 
1727 


As Sachs demonstrated by spectroscopxcal analysis, a dilute solution of lithium 
nitrate taken up by an uninjured plant first ascends m the -flood before it passes 
laterally into the other tissues By means of the same solution, Pfitzeu and 
Sachs determined the velocity of the movement of the tianspiration current, which 
naturally varies according to the plant and the effect of external conditions upon 
transpiration , under favourable circumstances it attains a rate of 1 - 2 metres 
an hour. This method of showing the exclusive share of the wood in the con- 
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duction of the water, and, also, of determi n ing the maximum velocity of the 
transpiration current, fiom observations based on the path and rate of movement 
of a coloured solution taken up by a plant, is not free from objection ; for the 
colouring matter would not pass through the stem at the same rate as the water 
m which it is dissolved, but would be drawn out and held back by the cells. The 
employment of coloured solutions will, however, be found instructive for merely 
showing the couise of the transpiration current The transparent stems of the 
Balsam, Im/patiens pavmflora, and the white floral leaves of Lilies, Camellias, 
Mock Orange, etc , in which the coloured vascular system will stand out as a fine 
network, are especially adapted for such an experiment. 

In water-plants and succulents, in which little or no transpiration 
takes place, the xylem is correspondingly feebly developed. In land 
plants, on the other hand, and especially m trees with abundant 
foliage, the wood attains a much greater development. All the wood, 
however, of a larger stem does not take part in the task of water- 
conduction, but only the younger, outer rings. Where there is a 
distinction between heart- and sap-wood, under no conditions does the 
heart -wood take part m the conduction of the water, which is 
transferred exclusively by the younger rings of the sap-wood. 

The character of the forces which cause the ascent of the trans- 
piration currents is still unexplained. Transpiration itself only makes 
a place for the inflowing water ; it does not furnish the force which is 
necessary to rapidly convey a large volume of water for a considerable 
distance through the wood. Every operation by which work is 
accomplished implies a corresponding expenditure of force ; and the 
force which is capable of raising great masses of water to the tops 
of a tall Poplar or of a Eucalyptus 150 m. high, must be consider- 
able. But, as yet, all efforts to determine the nature of this force have 
been fruitless, and all previous suppositions have been shown to be 
untenable 

It has been alieady explained that tlie root-pressure cannot exert such a 
force during transpiration (p. 184). 

Osmotic forces act too slowly to be of any value, and, moreover, there is no 
fixed distribution of osmotic substances that would account for such a current. 

The transpiration cunent cannot be due to capillarity. In the first place, con- 
tinuous capillaries are entirely ■wanting m some plants (the Conifers, for example), 
and m the stems of others they are only present for comparatively short distances. 
Secondly, the concave menisci m the elements of the wood are not m relation with 
any level or convex surface of water, m which case alone they could have 
tffect. Thirdly, the height to which liquids can rise by capillary attraction, and 
it would be less m the vessels and tiacheids than in a glass tube, does not approach 
the height of an ordinary tree , and, finally, the rate of ascent induced by 
capillarity decreases so gieatly with the increasing height of the fluid, that so 
copious a flow of water as occurs in plants would be impossible. 

Atmospheric pressure has, also, been shown not to be the cause of the tians- 
piration current. It is true that the vessels and traeheids of vigorously transpiring 
plants contain rarefied air between the short columns of water. This is evident 
from the way m which stems cut under mercury become penetrated by it. But 
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BUNDLES. The woody elements which thus conduct the water have 
no protoplasm ; they are to be regarded as dead cells, in which the 

last office of the protoplasm was 
to give the walls their peculiar 
structure 

III. The Transpiration Cur- 
rent. — It has long been known 
that the ascending transpiration 
current in woody plants, which is 
directed to the points of greatest 
consumption, flows solely through 
the wood. It had been observed 
that plants from which portions 
of the cortex had been removed, 
either purposely or accidentally, 
remained nevertheless perfectly 
fresh. The adjoining figure, taken 
from one of the first books in 
which the vital processes m plants 
were accurately described (Essays 
on Vegetable Statics, by 
Stephen Hales, 1727), shows the 
method employed in proving this 
fact experimentally (Fig. 175) 
At Z in the branch b all the 
tissues external to the slender 
wood have been removed Since 
the leaves of this branch remain 
as fresh as those of the branch c, 
it is evident that the transpira- 
tion current must pass through 
the wood and not through the 
cortical tissues. On the other hand, when a short length of the wood 
is removed from a stem, without at the same time unduly destroying 
the continuity of the bark, the leaves above the point of removal will 
droop as quickly as on a twig cut off from the stem. It has also 
been shown by experiment that in herbaceous plants the vascular 
portions of the bundles provide for the conduction of the ascending 
currents. 



Fig, 175 —Hales’ expei intent to show the ascent 
of the sap in the wood. Although the coitev 
has been entirely remo\ ed at Z, and the wood 
alone left, the leaves of the biancli b remain 
as fresh as those on the umnjmed branch c , 
x, vessel containing water Facsimile of the 
illustration m Hales* Vegetable Status, 
1727 


As Sachs demonstrated by spectroscopical analysis, a dilute solution of lithium 
nitrate taken up by an uninjured plant first ascends m the wood before it passes 
laterally into the other tissues By means of the same solution, Pfitzeu and 
Sachs determined the velocity of the movement of the tianspiration current, which 
naturally varies according to the plant and the effect of external conditions upon 
transpiration , under favourable circumstances it attains a rate of 1 - 2 metres 
an hour. This method of showing the exclusive share of the w r ood in tlie con- 
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duction of the water, and, also, of determi n ing the maximum velocity of the 
transpiration current, fiom observations based on the path and rate of movement 
of a coloured solution taken up by a plant, is not free from objection ; for the 
colouring matter would not pass through the stem at the same rate as the water 
m which it is dissolved, but would be drawn out and held back by the cells. The 
employment of coloured solutions will, however, be found instructive for merely 
showing the couise of the transpiration current The transparent stems of the 
Balsam, Im/patiens pavmflora, and the white floral leaves of Lilies, Camellias, 
Mock Orange, etc , in which the coloured vascular system will stand out as a fine 
network, are especially adapted for such an experiment. 

In water-plants and succulents, in which little or no transpiration 
takes place, the xylem is correspondingly feebly developed. In land 
plants, on the other hand, and especially m trees with abundant 
foliage, the wood attains a much greater development. All the wood, 
however, of a larger stem does not take part in the task of water- 
conduction, but only the younger, outer rings. Where there is a 
distinction between heart- and sap-wood, under no conditions does the 
heart -wood take part m the conduction of the water, which is 
transferred exclusively by the younger rings of the sap-wood. 

The character of the forces which cause the ascent of the trans- 
piration currents is still unexplained. Transpiration itself only makes 
a place for the inflowing water ; it does not furnish the force which is 
necessary to rapidly convey a large volume of water for a considerable 
distance through the wood. Every operation by which work is 
accomplished implies a corresponding expenditure of force ; and the 
force which is capable of raising great masses of water to the tops 
of a tall Poplar or of a Eucalyptus 150 m. high, must be consider- 
able. But, as yet, all efforts to determine the nature of this force have 
been fruitless, and all previous suppositions have been shown to be 
untenable 

It has been alieady explained that tlie root-pressure cannot exert such a 
force during transpiration (p. 184). 

Osmotic forces act too slowly to be of any value, and, moreover, there is no 
fixed distribution of osmotic substances that would account for such a current. 

The transpiration cunent cannot be due to capillarity. In the first place, con- 
tinuous capillaries are entirely ■wanting m some plants (the Conifers, for example), 
and m the stems of others they are only present for comparatively short distances. 
Secondly, the concave menisci m the elements of the wood are not m relation with 
any level or convex surface of water, m which case alone they could have 
tffect. Thirdly, the height to which liquids can rise by capillary attraction, and 
it would be less m the vessels and tiacheids than in a glass tube, does not approach 
the height of an ordinary tree , and, finally, the rate of ascent induced by 
capillarity decreases so gieatly with the increasing height of the fluid, that so 
copious a flow of water as occurs in plants would be impossible. 

Atmospheric pressure has, also, been shown not to be the cause of the tians- 
piration current. It is true that the vessels and traeheids of vigorously transpiring 
plants contain rarefied air between the short columns of water. This is evident 
from the way m which stems cut under mercury become penetrated by it. But 
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as the water-courses in plants are all completely shut off from the outei atmo- 
sphere, the external atmospheric pressure could have no effect The larefied air 
within the plants, moreover, shows no such 1 egulanty in its distribution that it 
could possibly give rise to so continuous a flow of water. Further, as the 
atmospheric pressuie can only sustain the weight of a column of water 10 m high, 
while the sap of a Begonia ascends 60-100 m., the inadequacy of the atmospheric 
pressure to give rise to such a movement must be admitted 

The supposition that the water ascends m the form ot vapour through the 
cavities of the wood, and is after waids condensed in the leaves, is untenable, as is 
at once obvious fiom a consideration of the anatomical stiucture of the wood, the 
interruption of its cavities by short columns of water, and the temperatuie 
of the plants themselves. And, moreover, the special task of the transpiration 
curient, to transfer the nutrient salts, could not be accomplished if such a supposi- 
tion were tiue. 

It has also been suggested that all of these piocesses might be aided by the 
co-orEEATiox of the living- cells which aie so abundant throughout the wood, 
and which have command of active osmotic forces, to the seivice of which they 
could unite a legulative mutability. Later investigations, however, have shown 
that poisonous solutions, which would at once kill all living protoplasm, are 
regularly transported, m great quantities, to the summits of the loftiest Oaks 
and Firs Thus the supposition that the living elements m any u ay co-operate 
in the ascent of the transpiration current is absolutely precluded. 

The view most generally accepted at the present time, that the 
TRANSPIRATION CURRENT ASCENDS IN THE CAVITIES OP THE WOOD 
THROUGH THE VESSELS AND TRACHEIDS, seems to be supported by 
observation as well as by the structural features of the wood, but 
leaves the question as to the cause of the movement still unanswered. 

Sachs, in Ins THEORY OF IMBIBITION , sought to solve the pioblem by 
supposing tbat the wvibu ascended in the substance of the lt unified 
walls, and that the upward movement was due to the foice of molecular attrac- 
tion, and to the disturbance of the equilibrium existing between the vater and 
the substance of the cell walls 

In moie recent attempts to account foi the ascent of the sap, the direct transfei 
to the loot cells of tlie force of suction arising fiom the tianspmng gieen leaves, 
has been legarded as resulting from the internal cohesion of the uatei itself On 
such a supposition, howevei, no evidence is furnished that the suction woyld, m 
itself, be sufficient to induce a movement like that of the tianspiration cunent 

The Giving-off of Water. — The requisite amount and essential 
concentration of the nutrient water supplied by the transpiration 
current are maintained only by the constant discharge of the accumu- 
lating water. This may occur in two ways, either more profusely by 
the evaporation of the water through the cell walls m the form of 
vapour — that is, by transpiration — or less copiously and also less fre- 
quently by the actual exudation of drops of water. 

I. Transpiration. — In their puter covering of cork, cuticle, and 
wax, plants possess a protection from a too rapid loss of water. A 
Pumpkin, with its thick cuticle and outer coating of wax, even after it 
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has been separated from its parent plant for months, suffers no great 
loss of water. A potato is similarly protected by a thin layer of 
cork from loss of water through evaporation. * The green organs of 
plants, on the other hand, as they are active in the processes of nutri- 
tion, and must be able to get rid of their surplus water in order to 
secure the proper concentration of their nutrient salts, make little use 
of such protective coverings. On the contrary, they are provided with 
special contrivances for promoting evaporation. The cell walls of all 
living organs are saturated with water, and, when the cuticle of the 
epidermis is not too strongly developed, water is constantly evapor- 
ated, even from uninjured cells, in amounts varying with the area of 
the exposed surfaces. From this point of view, it will be seen that 
THE ELAT EXPANSION OF FOLIAGE LEAVES RENDERS THEM ADMIRABLY 

adapted for the work of transpiration. Evaporation is also 
promoted by the numerous stomata (air-pores) which penetrate the 
epidermis, and which give the air, saturated with watery vapour, an 
opportunity to escape from the intercellular spaces Although the 
stomata are so small that neither dust nor water can pass through 
them into the plant, they are usually present in such enormous 
numbers (p 94) that their united action compensates for their minute- 
ness When it; is taken into consideration that a medium- sized 
cabbage leaf (Bia&sicci oleiacea ) is provided with about eleven million, 
and a Sunflower leaf with about thirteen million air-pores, it is possible 
to estimate how greatly evaporation must be promoted by these fine 
sieve-like perforations of the epidermis 

The stomata also afford plants a means of regulating EVAPORA- 
TION. The pores, which are the mouths of intercellular spaces, are 
surrounded by guard-cells. As the term guard-cell suggests, these 
cells have the power of closing the pore. The closing and opening of 
THE STOMATA ARE ACCOMPLISHED THROUGH A CHANGE IN THE TURGIDITY 
in the guard-cells. In consequence of their peculiar wall thicken- 
ings, elasticity, and lateral attachment, a change of turgidity affects the 
size and shape of the guard-cells in such a way that, by diminished 
turgidity, they become flatter and close the air-passage, while an 
increase of turgidity has the contrary effect and opens them (Figs 
176, 177) 


In many plants the so-called jicces&ory cells (p 94) participate in various ways, 
and degrees in these processes, depending upon the special structure of the whole 
appaiatus. The opening and closing of the stomata may he effected by eithei 
external or internal stimuli , but such stimuli affect different plants in a different 
mannei Generally speaking, the stomata begin to close on the diminution of the 
water-supply , they open, on the other hand, when active transpiration is advan- 
tageous (m light, m moist air, etc ) The quantity and quality of the sub- 
stances held m solution m the nutrient water react m a remarkable mannei 
upon the stomata. The size of their opening is decreased, and the quantity 
of water evaporated is therefore lessened when more than the usual amount of 
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nutrient salts is present in tlie transpiration eunent , as m that case if, through 
continued evapoiation, the nutrient -water should become too concentrated, it 
might act disastrously upon the plant. Alkalies usually tend to increase turgidity, 
while acids diminish it 

It has already been pointed out, in describing the morphology of 



Fig 170 — Stoma ot Jlellebo t m tiansveise section Tilts ddikei lines show the shape 

assumed by the guard-cells when the stoma is open, the lightei lines "when the stoma is closed 
(Altei Schw endener ) The cavities of the guard-cells with the stoma closed are shaded, and 
me distinctly smallei than when the stoma is open 


the stomata, that they are chiefly to be found on the surfaces of the 
leaves. The leaves are accordingly to be considered as special 



Kig 177 — Stoma ol a peuantli- 
leai of Galtoma caiuhcanb. S, 
Guai d - cell ith diminished 
tm gidity, having the wall on 
the side towards the opening 
stuught , S', tuigesceut gnaid- 
cell with ciuved lateral wall, 
half opening the passage i 
(Altei LEiTGrB ) 


ORGANS of transpiration (and assimila- 
tion, p 196). This is also evident from 
the manner in which the vascular bundles 
branch after entering the leaves. As a large 
water-main divides into a network of smaller 
pipes where the consumption of the water 
takes place, so a leaf-trace bundle, after its 
long and uninterrupted course through the 
stem, suddenly branches as soon as it enters 
the leaf-blade The adjoining illustration 
(Fig. 178), showing the nervature or dis- 
tribution of the vascular bundles m a 
Crataegus leaf, will convey some idea of the 
extensive branching which the bundles of a 
leaf undergo, especially when it is taken 
into consideration that only the macro- 
scopic and none of the finer microscopic 
branchings are represented in the figure. 
By means of this conducting system, a 


copious supply of nutrient water can be delivered directly from 
the roots to every square millimetre of the leaf. There is, how- 


ever, a special reason why the leaves are so abundantly supplied. 
They are the actual laboratories of plants, in which, out of the 
carbonic acid of the atmosphere and the water, and nutrient salts of 
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the soil, the organic building material of the plant-body is produced. 
For similar reasons, it is in the leaves that the broad expansions of tissue 
for the special promotion 
of transpiration are found. 

The amount of water actu- 
ally evaporated from the 
leaf surfaces in the per- 
formance of their vital 
functions is almost in- 
credible For instance, a 
strong Sunflower plant, of 
about the height of a man, 
evaporates in a warm day 
over a litre of water. It 
has been estimated that 
an acre of cabbage plants 
will give off two million 
litres of water in four 
months, and an acre of 
hops three to four millions 
The quantity of water daily 
required to maintain the 
water-supply of a single 
large tree, amounts to 
many litres. The water 
evaporated in the five 
months from June to 
November from an Oak 
standing perfectly free and 
apart, and having about 
700,000 leaves, has been Fiu 17S — Course of the vascular bum lies (\enatiQii) m a 
est im ated at 111 225 kilo- leaf of Ciataegus (From a photograph , natmal size.) 

grams. According to Dietrich, for every gramme of dry, solid matter 
produced, there is, on the average, 250-400 grams of water evaporated 

Experimental Demonstration op Transpiration —The evaporation fiom 
plants, although unperwptible to direct observation, may be easily demonstrated, 
and its amount determined by the help of a few simple appliances One method of 
doing this is to weigh a plant before and after a period of vigorous evaporation, and 
thus determine the amount of water actually lost Or, if the water evapoiated by a 
plant placed under an air-tight bell-jar be absoibed by calcium chloride or concen- 
trated sulphuric acid, it will only be necessaiy to determine the increase m weight 
of the absorbing substance to estimate the amount of water given off by evapora- 
tion The amount of water taken up by a plant may also be shown by so 
auanging the experiment that the water passes in through, a narrow tube, as then 
even a small consumption of water will be quickly indicated by the rapid lowering 
ot the water-level, which will be the more rapid the smaller the bore of the tube. 
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The important pait taken by the stomata in the piocess of transpnation may be 
easily shown, according to Stahl, by means of the cobalt reaction, or the change in 
colour of daik-blue dry cobalt chloride to light rose upon absorption of w ater. In 
making this experiment a leaf placed between strips of paper which have been 
previously saturated with this cobalt salt and then thoi oughly di led, is laid between 
glass plates The papei on the side of the leaf most abundantly supplied with 



stomata will then first change its colour, 
and that too the moie rapidly the moie 
widely open are the stomata. The cobalt 
reaction can thus also be utilised to deter- 
mine any variation m the size of the open- 
ings of the stomata 

It is evident from these and similar ex- 
pel mients that more water is evaporated m 
a given time fiom some plants than from 
others These variations are due to differ- 
ences in the area of the evaporating surfaces 
and to structural peculiarities (the number 
and size of the stomata, pi esence of a cuticle, 
cork, or hairy coveiing, etc.) But even m 
the same shoot tianspnation is not always 
unifoim This is attubutable to the fact 
that, both fiom internal and external causes, 
not only the size of the openings of the 
stomata vai les, but also that transpiration, 
just as evaporation fiom a sniface of water, 
is dependent upon external conditions 
Heat, as well as the dryness and motion 
of the air, increases tianspiration foi purely 
physical reasons ; \\ lnle light, foi physio- 
logical reasons, also promotes it 

Fiom both physical and physiological 
causes, tianspnation is much moie vigorous 
dining the day than night Plants like 
Impatiens pan i flora, which dioop on vaim 
days, become fiesli again at tlu* first appioaoh 
of night 

Suction in Tit an. spj kino Shoots — A 
shoot, the cut end »f which is plaSed m 
water, shows by remaining fiesli that it 
must be able to djfcw up water to its ex- 
treme tips file force of suction exerted 


Fig 179 — Suction of a tianspinng slioot. 
The leafy slioot is fitted, so that it is au- 
tiglit m a glass tube failed with water and 
with the lower end immersed in a vessel 
of mercury The meicury is cteawn 


by such a tianspmrctg foliage shoot may be 
demonstrated, by fitting the cut end in a 
long glass tube filled with water in such a 
manner, that it shall be air-tiglit. Thus 


up the tube by the suction exerted by 
the tianspinng shoot (Fiom Detmer’s 
Physiol Pfaht.} 


arranged, the shoot will be able to sustain 
and laise a column of water 2 metres high 
If the lower end of the tube be inserted 


in mercury, as shown in the adjoining figure (Fig. 179), it will be found that 
even the heavy mercury will be lifted by the transpiring shoot to a consider- 
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able height Yigorous comfeious shoots absorb water thiough the cut end 
with a foice of suction equal to one atmosphere, and aie thus able to iaj.se the 
meicury to a height equal to the barometnc pre&suie (760 mm }. The complete 
exclusion of the external atmosphere is absolutely requisite for the existence of 
.such a suction-foice, a condition actually fulfilled in the watei -courses of jilants 

II Exudation op Water — The discharge of water m a liquid 
state by direct exudation is not of so frequent occurrence as its loss 
by evaporation in the form of vapour. 

Early in the morning, after a damp night, 
drops of water may often be found on 
the young leaves of Indian Corn, and 
also on the leaves of Alckemilla and the 
Garden Nasturtium. These drops gradu- 
ally increase in size until they finally 
fall off and are again replaced by smaller 
drops. These are not dew-drops, although 
they are often mistaken for them ; on 
the contrary, these drops of water exude 
from the leaves themselves. They are 
discharged near the apex of the leaves 
of the Indian Corn, but in the case of 
Alchemilla from every leaf-tooth, and of 
the Nasturtium from the ends of the 
seven mam nerves (Fig ISO). The 
drops disappear as the sun becomes 
higher and the air warmer and relatively drier, but can be produced 
artificially if a glass bell-jar be placed over the plant, or the 
evaporation in any way diminished. Whenever plants become 
overcharged with water through the activity of the roots, it is 
discharged m drops These are pressed out of special water-pores 
(p 95), and sometimes even from the stomata and clefts in the 
epidermis, while m Datum they have even been observed to exude 
directly through the walls of the epidermis It is possible to cause 
similar exudations of water by forcibly injecting water into a cut 
shoot 

Sucli exudations of water aie particularly apparent on many Aioids, and diops 
of water may often be seen to fall within short intervals, sometimes eveiy second, 
fiom the tips of the large leaves From the leaves of a species of Coloeasia the 
exuded diops of water are even dischaiged a short distance In SpatJiodca, a 
tropical member of the Bignumaeccie , the space enclosed by the calyx, m w Inch the 
young floial organs aie developed, is filled with water Again, m unicellular 
plants, especially some of the Fungi ( ITueor , Pilobolus, Pliycomyces), the copious 
exudation of wrater is veiy evident The water m this case is pressed directly 
through the cell walls 

The organs for the discharge of water, which Haberlandt has collec- 
tively termed hydathodes (pp 91, 99, 114), in some instances, like 

O 



fiom a leaf of Tropaeohun mfjitb. 
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animal sweat-glands, actively press out the water , or, on the other 
hand, they may simply allow it to filter through them when the 
internal pressure has attained a certain strength. 

It would almost seem that, in case of inactive transpiration, such 
exudations of liquid water supplied the place of evaporation, were it 
not that the out-pressed liquid is not pure water, as m transpiration, 
but always contains salts and, sometimes, also organic substances m 
solution In fact, the quantity of salts m water thus exuded is often 
so abundant that after evaporation a slight incrustation is formed on 
the leaves (the lime-scales on the leaves of the Saxifrages). In 
some instances, also, the substances in solution in the water seem 
to be exuded with a purpose, as in the case of the secretions of the 
NECTARIES and of the DIGESTIVE GLANDS OF INSECTIVOROUS PLANTS 
(p 215), and of the discharges of the viscid stigmatic fluid. The 
superfluous water is discharged by a few plants, the Pumpkin, for 
example, into the cavities of their stems and leaf-stalks, and is again 
absorbed from these reservoirs when needed 

Special Contrivances for regulating the Water-supply. — Almost all the higher 
plants possess, in the potter to close their stomata a special means of checking 
transpiration during a temporary insufficiency of the water-supply In distiicts 
subject to droughts of weeks or months’ duration, only such plants can flouiish as 
are able either to withstand a complete drying up without injury (p. 179), or to 
exist for a long time on a scanty supply of water This last case is only rendered 
possible by the extreme l eduction of ti ampliation, or by the foimation of oigans 
m which, m times ol a superfluity of watei, it may be retained for latei use. 

Such piotection against excessive tianspuation is afl'oided by the foimation of 
coik oi cuticular coveungs, by the reduction in the number and size of the stomata, 
and also by their occurrence in cavities or depi essions The rolling up of the 
leaves, as well as the development ol thick growths of hair and the assumption of 
a vertical position to avoid the full lays ol the sun, aie also measures frequently 
adopted to lessen transpiration. The most efficient piotection, however, fiom too 
great a loss of water by transpuation is undoubtedly obtained by the reduction of 
the transpiring sui faces, either thiougli a diminution m the size of the leaves or 
through their complete disappearance. 

The upright position of the leaves, or the substitution of expanded, per] >endiculaily 
directed leaf-stalks for the leaves (Phyllodia), particularly characterises the flora of 
Australia A clothing of hair, on the other hand, protects the leaves of many'South 
African Proteaceae (eg Leuccidendron argenteum) Some of the G> com >i rue (titipct 
capillata, Fcstuea alpcstns, Scslena tenuifolia, S. pit net in nt, etc ) roll oi fold their 
leaf-blades, m times of drought, by means of special hinge-like devices, into uariovv 
tubes, and so maintain a sufficient supply of water by diminishing the transpuation 
from their stomata. Reduction of the leaves is illustrated by the desert forms of 
Genista, and Surothamnus and by the Cypress-like Conifers. A complete disappear- 
ance of the w hole leaf surface takes place in most Cacti, m which also the stems 
become swollen and converted into watei -reservoirs (Fig. 25). A similar develop- 
ment of succulent swollen steins frequently occurs m the Euphorliaceac (Fig 181), 
m the Coiiipo sitae (Klciiua articulated), Stajieleae, and many other plant families 
found m arid regions. It has been estimated that the amount of water evaporated 
by a Melon-Cactus is reduced by its succulent development to of that given 
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off by an equally heavy climbing plant (. Awstoloehm ) Instead of the stem the 
leaves themselves may become succulent, as m the House-leek and other species of 
Scrtypenhuin, also m many species of Seclum , 

Aloe, and Agave Both stem and leaves are 
equally succulent m many species of Mesem- 
bryantheoium In other plants, the paren- 
chyma of their stem tubers (epiphytic Orchids) 
or of then thickened roots ( Oxalicleae ) sene 
as v ater-reservoirs Epiphytic Bromelmceae 
catch the ram-water m reservoirs formed by 
their closely-jomed leaves, and then eageily 
take it up through the scaly hairs ^hich cover 
the leaf sui faces, as m species of Tillandsia 
Again, many epiphytic Oichids and Aroids 
collect the ram- water m a swollen sheath de- 
veloped from the epidermis of the aenal root 
(velamen radicum, p. 100) In the case of 
other epiphytic Orchids, Axoids, and Feins 
{Asplemuhi Nidus, for instance), the liumus 
and other matenal caught m receptacles formed Fig 1S1 — Eujjhotbia globosa The re- 
by the leaves or aenal roots act like a sponge g^seXo^ * °° **** 

in. taking up and retaining water, while the 

absorptive roots penetrate into these moist, compost -like masses and absorb 
both water and nutnent substances Many species of Fndlanut (a Lnerwort 
common on Beech trees) possess, on the other hand, special water-sacs on the 
under side of their thallus (Fig. 319) A particularly remarkable contrivance for 
maintaining a constant supply of water is exhibited by the epiphytic Dischidia 
Rafflesicinci, a number of whose leaves foim a deep but small -mouthed urn, into 
which the roots grow. It would seem at first sight unnecessary that plants like 
the Mangrove tree, which stand with their roots entnely in watei, should require 
protection against too rapid transpiration ; but, as this tiee grows m salt or 
brackish water, it is necessary to reduce the amount of watei absorbed, m Older to 
prevent a too great accumulation of salt m the tissues. 

The Absorption of Carbon (Assimilation) 

In any attempt to distinguish the relative importance of substances 
utilised m plant nutrition, carbon undoubtedly ranks first. Every 
organic substance contains carbon, and there is no other element which 
could supply or take part m the formation of so many or such a variety 
of substances, both in living organisms and in the chemical laboratory. 
Organic chemistry, m short, is merely the chemistry of carbon 
compounds. 

It requires no chemical analysis to realise that plants actually 
contain carbon, although in an imperceptible form Every burning 
splinter of a match shows, by its carbonisation, the presence of this 
element. An examination of a piece of charcoal in which the finest 
structure of the wood is still distinguishable, shows how abundant is 
the carbon and how uniformly distributed. Estimated by weight* the 
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carbon will be found to make up about half the dry weight (when 
freed from water) of the plant. 

Whence do plants derive this carbon 1 The “ humus ” theory, 
accepted for a long time, assumed that the humus of the soil was the 
source of all the supply ; and that carbon, like all the other nutrient 
substances, was taken up by the roots That plants grown in pure 
sand free from humus, or in a water-culture, increase in dry substance, 
and consequently m carbon, clearly demonstrates the falsity of this 
theory. The carbon of plants must therefore be derived from other 
sources ; and, in fact, the carbon in humus is, on the contrary, due to 
previous vegetable decomposition. The discovery made at the end of 
last and the beginning of the present century, that the CARBON OF 
PLANTS IS DERIVED FROM THE CARBONIC ACID OF THE ATMOSPHERE, 
and is taken up by the action of the green leaves, is associated with 
the names of the Dutchman Ingenhouss, and the Geneva Professors 
Senebier and Theo. de Satjssure. This discovery is one of the 
mosfTTmportant m the progress of the natural sciences. It was by 
no means easy to prove that the invisible gaseous exchange between 
a plant and the atmosphere constitutes the chief source of nourish- 
ment ; and it required the courage of a firm conviction to derive the 
thousands of pounds of carbon accumulated m the trees of a forest, 
from the small proportion contained in the atmosphere. 

10,000 litres of an contain only 4-5 1 ot eaibomc acid, w Inch vi eigli 8-10 grams 
■j s T of this weight is oxygen, how evei, and only r * f carbon. Aeeoidmgly, 10,000 lities 
of an contain only 2 gianis oi caibon. In oulci, tlieiefore, for a single tiee, having 
a diy weight of 5000 kilos, to acquire its 2,500,000 gianis of caibon, it must deprive 
12 million cubic me ties ot an* of their eaibomc acid Fiom tlio consideration oi 
these figures, it is not strange that the discovery ot Ix<;kxhoi ss was unwillingly 
accepted, and aftei w aids rejected and ini gotten LlUim; w as the first m Gel many to 
again call attention to this discoieiy, which to-day is accepted without question 
Tlie immensity of the numbers just cited an* not so appalling when one considers 
that, m spite of the small peicentage of eaibomc acid in the atmospheie, the actual 
supply oi this gas is estimated at about 3000 billion kilos, m which aie held 800 
billion kilos of caibon This amount would be sufficient tor the vegetation of the 
entire earth for a long time, even if the aii were not continually leceivmg new 
supplies of carbonic acid through the respnation and decomposition oi oiganisms, 
through the combustion of wood and coil, and thiough volcanic activity An 
adult will exhale daily about 900 gianis C0 2 (245 grams C) The 1400 million 
human beings in the world would thus give back to the air 1200 million lcilos 
of C0 2 (340 million kilos C) The C0 2 discharged into the air from all the 
chimneys on the earth is an enormous amount The Iuupp works at Essen, 
accoidmg to Hansen, send out daily into the atmosphere about 2,400,000 kilos of 
carbon Tlie whole caibon supply of the atmosphere is at the disposal oi plants, 
as the C0 2 becomes uniformly distubuted by constant diffusion 

Not all plants, nor indeed all parts of a plant, are thus able to 
abstract the carbon from the carbonic acid of the air. Only such 
organs as are coloured green by chlorophyll are capable of exercising 
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this function, for the chlorophyll bodies themselves are the laboratories 
in which this chemical process, so important for the whole living 
world, is carried on. From these laboratories is derived the whole of 
the carbon which composes the organic substance of all living things, 
plants as well as animals Animals are unable to derive this most 
essential element of their bodies from inorganic sources. They can 
only take it up in organic substances, which have been previously 
formed in plants. Such plants, also, as are without chlorophyll, as, for 
example, the Fungi and some of the higher parasitic plants, are 
dependent for their nutrition upon organic substances previously 
formed by the chlorophyll bodies of other plants. 

Within the past ten years it has, indeed, been repeatedly determined that 
ceitam nitrifying bacteria have the power of forming a small amount of organic 
substances from carbonates, carbonic acid, and ammonia The process by which 
the organic carbon compound is denved must, however, be altogether different from 
that of green plants, as the bactena contain no chlorophyll, and their nutritive 
activity is in no w ay dependent upon the light 

Roots and other organs unprovided with chlorophyll, and also the 
colourless protoplasm in the green cells themselves, are similarly 
dependent upon the activity of the chloroplasts. In the red-leaved 
varieties of green plants, such as the Purple Beech and Red Cabbage, 
the chlorophyll is developed in the same manner as in the green parent 
species, but it is hidden from view by a red colouring matter in the 
epidermis : in the ease of the brown and red Algae, on the other hand, 
the chlorophyll pigment is concealed by a colouring matter, which 
is contained in the chromatophores along with the chlorophyll 

The derivation of carbon from carbonic acid and its conversion 
into organic substances is termed Assimilation. In its broadest 
sense, and especially in the animal kingdom, the word assimilation is 
used for all nutritive processes by winch the nourishment is built up 
into the substance of an organism But m Botany the meaning of the 
term has gradually been restricted, and now by assimilation the 
carbon assimilation of the chlorophyll granules alone is understood. 
Moreover, all the other so-called processes of assimilation are dependent 
upon carbon assimilation 

The chlorophyll bodies, however, cannot independently produce 
organic substances from carb onic ac id and \ gate r, but require the 
co-operation of light The chlorophyll apparatus is unable to assimilate 
without light, although all the other requirements are present for 
active assimilation A definite amount of heat is also naturally 
necessary for chlorophyll activity, just as for any' other vital process 

The vibrations of the ether perceptible as light, supply the energy 
for the decomposition of carbonic acid and the production of carbon, just 
as other vibrations of ether, in the form of heat, supply the energy 
requisite for the working of a steam-engine. Not all light vibrations 
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are equally capable of arousing the assimilatory activity. Just as the 
rays of different refrangibihty differ in their action, both upon the eye 
and the photographic plate, so they have a different effect upon 
assimilation. It would be natural to suppose that the chemically 
active rays, the blue and violet, which decompose silver salts and other 
chemical compounds, would also be the most effective in promoting 
the assimilatory activity of the chlorophyll bodies. Exactly the 
contrary, however, has been shown to be the case. The highly 
refractive chemical rays have little or no effect on assimilation , the 
red, orange, and yellow rays, that is, the so-called illuminating rays of 
ihe~spectrum, are on the contrary the most active. 

In the bine-green fresh-water Algae, and also m the biown and red Seaweeds, 
m winch the cliromatoplioi es contain true chlorophyll m addition to then peculiar 
special colouring mattei, the maximum assimilation takes place, accoidingto Exg-El- 
masn, m another part of the spectrum than it does m the case of green plants The 
assimilation in these Algae seems indeed to be earned on in the pait of the spectrum, 
the colour of which is complementaiy to their own All the lavs of the mixed 
white light are usually at the disposal of plants gi owing freely in the open air , 
only the Seaweeds found m deep water (at the most but 200 m deep) grow in a 
prevailing blue light, while the deeper-lying tissues of laud plants live in red light, 
as this penetrates further into the paienehymatous tissues 

In studying the effect of different kinds of light upon assimilation, it is 
customaiy either to use the separate colouis of the solar spectrum, or to imitate 
them by means of coloured glass 01 colouied solutions For such experiments it 
will be found convenient to make use of double-walled bell -jars lilled with a 
solution of bichromate of potassium or of ammomacal copper oxides. Plants giown 
under jars filled with the first solution, winch allows only the red, oiange, and 
yellow rays to pass through, assimilate almost as activ ely (90 pe: cent) as m w lute 
light (100 per cent). Under the jais containing the second solution, winch leadily 
peimits the passage of the photo-chemical rays, assimilation is extremely low (5-7 
per cent) 

But little is known with regard to the piocesses earned on in green cpIIs duung 
assimilation , and although it is evident that only the gieen chlorophyll bodies 
aie capable of assimilating, it is still by no means clear what part the green chloro- 
phyll pigment performs The pigment w Inch may be exti acted from the pi otoplasm 
of the chlorophyll bodies makes up only a small part of then substance, and gives 
no reaction from which its operations may be mferi ed The light absorbed by the 
chlorophyll pigment also stands in no recognisable relation to the requirements of 
assimilation ; for the blue and violet rays, w hicli are inoperative m assimilation, 
are most strongly absorbed (see p. 59) It has not as yet been determined 
what part the mineral constituents of the tianspiration currant take in the 
process. On the other hand, the piotoplasnuc body of the chloroplasts cannot 
assimilate when the green pigment is not present , that is, when from any cause 
the corpuscles are prevented from turning green For, as the existence of the gieen 
pigment is dependent upon the piesence of non, upon a proper temperature, and, 
with few exceptions (Ferns, Conifers), upon the action of light, its formation m the 
chlorophyll bodies may be prevented by depriving them of the requisites for its 
development. The chromatophores will then remain yellow (m leaves) or white 
(in stems), and no longer assimilate. 
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As a result of the chemical processes involved in the decomposing 
activity of assimilation, only the special end-product and one by- 
product are at present known. Sachs discovered that the organic 
compound, first to be detected as the special ultimate products of 
assimilation m the higher plants, is a carbohydrate, which may either 
remain in solution, or m the form of STARCH GRAINS may become 
microscopically visible at the points of its formation. In the case of 
the lower plants, m the Algae, for example, the first visible product is 
often not starch but a fatty oil. 

A short time after assimilation begins, in sunshine, sometimes 
within five minutes, minute starch grains appear either m the centre or 
on the margins of the chloroplasts. These grains gradually enlarge until, 
finally, they may greatly exceed the original size of the chloroplasts. 
Should, however, the assimilation cease, which it regularly does at 
night, then the starch grains are dissolved and as soluble carbo- 
hydrates (glucose, etc.) pass out of the cell In some plants (many 
Monocotyledons) there is no starch formed in the chloroplasts, but 
the products of assimilation pass in a dissolved state directly into the 
cell sap. In exceptional cases, however, starch is also formed where 
there is a surplus of glucose, sugar, and other substances, as, for 
example, m the guard-cells of Monocotyledons. This seems then to be 
a reserve substance rather than a special product of assimilation. In 
Tropaeolum, for instance, the formation of cane- 
sugar precedes the production of starch in the 
chloroplasts. 

The formation of starch may be shown to be 
a direct result of assimilation by means of the 
“iodine reaction,” and without the aid of a 
microscope. If a leaf cut from a plant pre- 
viously kep t in th e dark until the _starch 
already'formed m the leaves has beeome ~ex- 
hausted, be treated with a solution of iodine 
after being first discoloured in hot alcohol, it 
will jin a short time assume a yellowish brown 
colour, while a leaf vigorously assimilating m 
the light will, with the same treatment, take 
a blue-black colour. In Fig. 182 the result 
of the iodine reaction is shown on a leaf, 
part of which had been covered with a strip 
of dark paper or tinfoil. The cells darkened 
by the overlying paper or foil formed no 
starch, while those exposed to the light are 
shown by the iodine reaction to be full of 
it. A green leaf kept in air devoid of car- 
bonic acid, although fully exposed to the light, will similarly form 
■no starch 



Pig 1S2 — A leaf showing the 
iodine reaction Part of an 
assimilating leaf was covered 
with a strip of tinfoil. After- 
wards, when treated with a 
solution of iodine, the part 
of the leaf darkened by the 
overlying tmfoil, having 
formed no starch, gave no 
colour leaction. (| nat 
size ) 
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Sensitive leaves, like those of many Leguminosae, often suffer more 
under such conditions than when the possibility of assimilation is pre- 
cluded by their being deprived of light. 

The by-product arising from the assimilatory process is pure 
OXYGEN. The volume of oxygen thus set free is equal to the volume 
of carbonic acid taken in. If plants assimilate in a known quantity 
of air containing carbonic acid gas, its volume will therefore remain 
the same. The chemical process of assimilation resulting in the de- 
composition of the carbonic acid may be thus expressed : 

6C0 2 + 5H.,0 = C (! H 10 O 0 + 60 2 
(Staich) 


From this chemical equation it is 





Fig 1S3 — Evolution ot oxygen hum assnmUting 
plants In the glass cylinder 0, filled with 
vvatei, aie placed stems ot Bloclea (ttmtdensts , 
the freshly-cut end 5 * of the stems aie mtio- 
duced into the test-tube i?, which is also full 
of watei The gas-bubbles B, rising irom the 
cut surfaces, collect at S II, stand to sup- 
port the test-tube, 

(at a temperature of 14° 0. 


evident that WATER IS REQUISHE 
FOR THE PROCESS OF ASSIMILA- 
TION. The actual composition of 
starch conesponds rather to a 
multiple of the above symbol, or 
n(C B H 10 O 5 ), so that the whole 
equation should be multiplied 
by n 

The oxygen given off by green 
plants, although not perceptible 
when they are growing m the 
open air, becomes apparent m the 
case of water-plants It was, in- 
deed, through the evolution of 
hubbies of oxygen from water- 
plants that Ingenhoitss first had 
his attention called to the assimi- 
latory activity of leaves To see 
this process, it is only necessary 
to place a cut stem of a water- 
plant m a vessel of water exposed 
to the sunshine, when a continuous 
series of small bubbles of gas* will 
at once be seen to escape from the 
intercellular passages intersected 
by the cut. The gas thus evolved 
may be collected with little trouble 
(Fig. 183), and will be found to 
be chiefly oxygen, but containing 
also traces of nitrogen and car- 
bonic aeid taken up from the 
water. As water absorbs much 
less oxygen than carbonic acid 
100 vols. of water will dissolve only 3 
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vols. of oxygen, but 100 vols. of carbonic acid), the escaping bubbles 
of oxygen become visible; whereas the flow of the carbonic acid 
dissolved in the water to the assimilating plant is imperceptible. 

Aitificially conducting carbonic acid through the water increases, to a certain 
degree, the evolution of oxygen, and thus the assimilatory activity. Similarly an 
aitificial increase of caibonic acid m the air is followed by increased assimilation 
In sunshine assimilation attains its maximum m air containing about 8 per cent of 
carbonic acid , with a higher percentage it begins to decrease. If the amount of 
carbonic acid gas be mci eased tw o hundred tunes (from 0*04 per cent to 8 per cent in 
the atmosphere), the formation of starch is only increased 4-5 times. 

Carbon monoxide (CO) cannot be utilised by green plants ; it cannot take the 
place of the caibon dioxide, and is poisonous to plants. 

Under the same external conditions, the assimilatory activity of different 
plants may vary from internal causes In the same time and with an equal leaf 
surface, one plant will form more, and another less carbohydrates. In this sense, 
it is customary to speak of a “specific energy of assimilation,” which is partly due 
to the different number and size of the chloi oplasts, as well as to a difference in the 
air-spaces and consequent aeration of the lea\ es, but, without doubt, has also its 
cause m their greater oi less energy. 

As examples of medium assimilatory activity, the leaves of the 
Sunflower and Pumpkin may be cited. Under conditions favourable 
for assimilation, the leaves of these plants form in a summer day of 
fifteen hours about 25 grams starch per square metre The carbon 
for the formation of the starch w*as supplied in this case from 50 
cubic metres of air. A room of 120 cubic metres would accordingly 
contain enough carbonic acid for 60 grams of starch. From these 
figures a faint conception may be gained of the enormous activity of 
the assimilatory processes, which are necessary to furnish the yearly 
grain supply of a large country. 

The Utilisation of the Products of Assimilation 

The Formation of Albuminous Substances. — The chlorophyll 
bodies supply plants with organic nourishment in the form of a 
carbohydrate. Although the greater part of the organic plant sub- 
stance consists only of carbohydrates, as, for example, the whole 
framework of cell walls, yet the living, and consequently the most 
important component of the plant-body, the protoplasm, is composed 
of albuminous substances These albuminous substances have a com- 
position altogether different from that of the carbohydrates. In 
addition to carbon, oxygen, and hydrogen, they also contain nitrogen, 
sulphur, and frequently phosphorus, the nitrogen indeed in consider- 
able proportion (about 15 per cent). There takes place accord- 
ingly WITHIN PLANTS A NEW FORMATION OF ALBUMINOUS SUBSTANCES 
from the carbohydrates Theie are certain indications that this 
formation is, m part, accomplished within the green cells of the leaves, 
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but it must also be carried on in cells devoid of chlorophyll, as, for 
instance, in those of the Fungi. 

As little is known concerning the process of the synthesis of the albuminous 
substances of plants as concerning the formation of the caibohydrates fiom the 
carbonic acid and watei It has generally been supposed that they are formed 
from the caibohydrates and mineral substances already mentioned, as these aie 
known to be transposed to the legion where the formation of piotoplasm occurs, 
and are there consumed. The carbohydrates utilised m this process seem to be 
principally glucose (both grape-sugar, dextrose, C fi H 12 0 fi + H 2 0, and fruit-sugar, 
lsevulose, C G H 12 O a ) and maltose* (G (3 Ho 2 0 11 + H 4 0) , for, whatever may be the form 
of the ongmal caibohydrate, 'whether starch, mulin, cane-sugar, i eserve-cellulose, 
or glycogen, glucose 01 maltose is always the first product formed from it. 

The nuneial nitrates, sulphates, and phosphates take part m the process, 
chiefly in the form of potassium and magnesium salts. Nitrogen and sulphur aie 
libeiated from the nitrates and sulphates, with decomposition of the acid radicals ; 
while of the phosphates, the acid group is utilised m the formation of nuclein m 
the cell nucleus. Calcium salts, although they take no direct pait m these processes, 
seem, nevertheless, to be indispensable. Their importance, indeed absolute necessity, 
for most plants, is due to their functioning as a medium for conveying the mineral 
acids, and for neutralising, 01 precipitating, injurious by-products which aie produced 
m the formation of albumen The most frequent of these by-products is. oxalic acid 
(C 3 H 3 0 4 ), which, either as a free acid or as a soluble potassium salt, acts as a poison 
upon most plants The oxalate of potassium, v Inch is fli st formed from the potassium 
nitrate, reacts with the calcium salts present, with the formation of calcium oxalate, 
which is only slightly soluble and, as it accumulates, crystallises out and thus becomes 
harmless. Wherever the formation of albumen or nuclein takes place, oxalic acid is 
formed, the calcium salts of which may usually be found m adjacent cells often m 
enormous quantities, mthe foim of aggregates of crystals, raphides, or crystal sand. 

The process of the formation of oxalic acid, or its potassium salt, might be con- 
ceived of as taking place accoi dmg to the following theoi etical equation * 

C 6 H 12 O e +; 2N0 3 K = C 4 H 8 N 2 0. } + K 2 C 2 0 4 + H„0 + 30 

Glucose Potassium nitrate Asparagin Potassium o\alate Watei Oxygen 

Stai tmg with glucose and potassium nitrate, there would be foimed in addition to 
potassium oxalate, water, and oxygen (which for the most part is consumed in the 
respiration, but also in many cases, as free oxygen, may be detected or estimated), 
an amido compound, Aspahagin, C 2 H 3 (NH 2 ) (CONH 2 ) (COOH). Aspaiagm is a 
body which, like oxalic acid, is widely distributed throughout the vegetable 
kingdom. Particularly large accumulations of this substance (fust discover ed m 
Asparagus) are found m etiolated seedlings of many Pcupilionaceae (1 litie of sap 
from Bean seedlings contains about 12-15 grams), always, however, under circum- 
stances "which suggest the possibility that Aspaiagm participates m the synthesis 
of the albuminous substances. In all probability its formation precedes that of the 
ultimate proteid substances. Asparagm is soluble m water and watery sap, and so 
is m a position to permeate the cell wall, which the colloid albuminous substances 
are not able to do m the same degree. 

Transfer of the Products of Assimilation 
When proteid substances are to be conveyed through the tissues, 
as, for example, from seeds rich in proteids into the seedlings, they 
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has been separated from its parent plant for months, suffers no great 
loss of water. A potato is similarly protected by a thin layer of 
cork from loss of water through evaporation. * The green organs of 
plants, on the other hand, as they are active in the processes of nutri- 
tion, and must be able to get rid of their surplus water in order to 
secure the proper concentration of their nutrient salts, make little use 
of such protective coverings. On the contrary, they are provided with 
special contrivances for promoting evaporation. The cell walls of all 
living organs are saturated with water, and, when the cuticle of the 
epidermis is not too strongly developed, water is constantly evapor- 
ated, even from uninjured cells, in amounts varying with the area of 
the exposed surfaces. From this point of view, it will be seen that 
THE FLAT EXPANSION OF FOLIAGE LEAVES RENDERS THEM ADMIRABLY 

adapted FOR the work OF transpiration. Evaporation is also 
promoted by the numerous stomata (air-pores) which penetrate the 
epidermis, and which give the air, saturated with -watery vapour, an 
opportunity to escape from the intercellular spaces Although the 
stomata are so small that neither dust nor water can pass through 
them into the plant, they are usually present in such enormous 
numbers (p 94) that their united action compensates for their minute- 
ness When it is taken into consideration that a medium -sized 
cabbage leaf (Biassica oleiacea) is provided with about eleven million, 
and a Sunflower leaf with about thirteen million air-pores, it is possible 
to estimate how greatly evaporation must be promoted by these fine 
sieve-like perforations of the epidermis 

The stomata also afford plants a means of regulating evapora- 
tion. The pores, which are the mouths of intercellular spaces, are 
surrounded by guard-cells. As the term guard-cell suggests, these 
cells have the power of closing the pore. The closing and opening of 
the stomata are accomplished through a change in the turgidity 
in the guard-cells. In consequence of their peculiar wall thicken- 
ings, elasticity, and lateral attachment, a change of turgidity affects the 
size and shape of the guard-cells in such a way that, by diminished 
turgidity, they become flatter and close the air-passage, while an 
increase of turgidity has the conti ary effect and opens them (Figs 
176 , 177 ) 


In many plants the so-called ^accessory cells (p 94) participate in vano'us w ays 
and degrees in these processes, depending upon the special structure of the whole 
apparatus. The opening and closing of the stomata may he effected by eithei 
external or internal stimuli , but such stimuli affect different plants in a different 
mannei Generally speaking, the stomata begin to close on the diminution of the 
water-supply , they open, on the other hand, when active transpiration is advan- 
tageous (in hght, m moist air, etc ) The quantity and quality of the sub- 
stances held m solution m the nutrient water react m a remarkable mannei 
upon the stomata. The size of their opening is decreased, and the quantity 
of water evaporated is therefore lessened when more than the usual amount of 



204 


BOTANY 


PAST I 


as well as in tubers and bulbs, m leaves and young slioots They Iiua e also been 
found, strange to say, in oigans vvheie tlieie was no staich for them to act upon 
The diastatic transfomiation and dissolution of the staich is accomplished m a 
peculiar mannei. The starch giam is not dissolved as a homogeneous crystal, 
uniformly from the smface muaids, but becomes conoded by naiioiv canals, until 
it is finally completely disorganised and falls into small pieces (Fig. 1 84) 
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The transformation of the starch formed m the chlorophyll corpuscles 
during the day, takes place, as a rule, at night ; for m the daytime the 

action of the diastatic ferment 
is weaker, and is also counter- 
balanced by the formation of 
new starch. The glucose 
which is thus produced m the 
leaves passes out of the 
mesophyll cells into the elon- 
gated cells of the vascular 
bundle-sheaths. The glucose 
and maltose are transferred 
in these conducting sheaths 
through the leaf- stalks into 
the stem. Thence they are 

Fig 1S4 — Diflerent stages of conosicm shown by the conveyed to the young shoots 
staich giams of germinating Bailej and buds or carried down 

to the roots , in short, they are finally transported to places where 
they are required for the nutrition of the plant. The glucose and 
maltose often become concerted into other carbohydrates during 
their passage from one organ to another, particularly into starch. 
Starch thus formed from other carbohydrates, and not directly by 
assimilation, is often referred to as transitory starch, and is usually 
distinguishable by the smaller size of the grains At the points of 
consumption these carbohydrates are again converted into glucose, m 
which condition alone they seem adapted for direct nutrition. 




a ° 3 


The Storage of Reserve Material 

All the products of assimilation are not at once consumed. In 
spite of this, however, assimilation is continued, and the surplus 
products beyond the requirements of immediate consumption are accu- 
mulated as reserve material for future use. Large amounts of such 
reserve material are accumulated by the American Agave during many 
periods of vegetation, to be finally expended in nourishing the immense 
inflorescence with its hundreds of flowers and fruits. In our herbs, 
bushes, and trees, as the yearly growth and consequent consumption 
cease at the end of each vegetative period, and as the assimilating 
organs have by that time attained their greatest expansion and 
efficiency, the surplus of reserve material is the greatest at the close of 
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the season, and is stored in special reservoirs of reserve material. 
All growth of the succeeding year, either of the plants themselves or of 
their embryonic offspring, is dependent upon the existence somewhere of 
a supply of reserve material, which may be utilised by the plant until 
the organs of assimilation are developed. Reserve materials will accord- 
ingly be found stored in different forms in the cells of the embryo, or 
in the surrounding tissues of the seed, in underground rhizomes, tubers, 
bulbs, and roots, or in the cortical layers, the medullary rays, the wood 
parenchyma (especially the fibres), and the medulla of persistent stems. 
Conveyed to these depositories of reserve material, the glucose and 
maltose are again converted into other carbohydrates, usually starch, 
which is formed from them by the activity of the starch-producing 
leucoplasts. In other cases the reserve carbohydrates take the form 
of cane-sugar, mulin, or reserve cellulose (e.g. vegetable ivory in the 
fruit of Phytelej>has). Still more remarkable is the transformation of 
carbohydrates into fats and oils, occurring in the ripe and ripening 
seeds of many plants, in fruits (Olive), and also in strictly vegetative 
tissues. In winter the starch in the wood of many trees also becomes 
converted into oil, but in the succeeding spring it is again changed to 
starch. It is finally, at the opening of the buds, converted into glucose 
or maltose, and conveyed by the transpiration current to the young 
shoots. Other receptacles of reserve material contain scarcely any carbo- 
hydrate, but on the other hand there is much more albuminous matter 
in the form of thick protoplasm, aleurone grains, protein crystals, and 
fats (seeds of Ricinus ). That in the germination of young plants similar 
tissues with protoplasm, nucleus, cell wall, etc., are formed from these 
different materials, seems to indicate that all these constructive 
materials are of almost equal value to the plants. This is due to the 
fact that plants can, apparently without difficulty, transform the carbo- 
hydrates, fats, or albuminous substances one into the other, a result 
not yet accomplished by chemical processes 

Other Products of Metabolism 

The chemical activity of the vegetable cell is by no means exhausted m the 
production of the substances mentioned the mci easing number of chemical com- 
pounds found to be denved fiom the fust pioduet of assimilation is a mattei of con- 
tinual siupnse Of most of them neithei the mannei of then formation nor then 
full impoitance m metabolism is undeistood. The conditions are not even fully 
known v Inch are necessaiy foi the formation and functional activity of the oiigayio 
acids (malic, tartaric, citric, etc , w Inch may m part be considered as products of 
imperfect lespnation) and tannins, although both are so frequent m plants. The 
function of the glucomdes is also impel fectly understood These are nitrogenous 
and non-nitrogenous compounds, and are not widely distributed They aie soluble 
in watei, and by the action of iennents are broken up into glucose and other deri- 
vative pioducts In the A myydalaccae they appear as ajiygdalin, m the Solan- 
aceac as the poisonous solaxin, in the Ci ucija ac (mustard seeds) as myiioyic 
acid, m the hark of the Horse-chestnut as the extiemely fluorescent JEsfTLlK, m 
species of Digitalis as the poisonous digitaliy. Coyifehiy, which is contained 
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in lignifind cell walls, and especially in. the cambial sap of the Conifers, is also in- 
cluded in the giucosides. Comfenn has recently acquired an economic value, as 
from it i anillin, the aromatic piinciple of vanilla, may be aitificially produced 
In this process the comfenn is decomposed, through the action of a ferment or acid, 
into glucose and eomferylalcohol, through the oxidation of w hich its aldehyde, 
vanillin, is formed. 

It is as yet unknown what part in the metabolic processes of plants is per- 
formed by the bitter principles, such as the lupulin of Hops, aloin of Aloes, 
APA vvrwrv of Wormwood. There is the same uncertainty with regard to the 
functions of the alkaloids. Since most alkaloids, strychnin, brucin, veratrin, 

CONUS', ilVSCARIN, ATROPIN, QL'ININ, MORPHIN', CODEIN, COFFEIN (them), THEO- 
buomin, acunitin, NlCoTiN, PILOCARPIN, cocaine, etc , are violent poisons, their 
vegetable bases and repugnant bitter pnnciples furnish a certain protection 
to plants against destructive animals. This, liowevei, does not preclude the 
possibility that they, like the poisonous oxalic acids, may at the same time 
have au impoi tant physiological significance 

The colouring matters and ethereal oils, although in actual weight present 
only in small quantities, make themselves particularly noticeable to the senses 
of -ight and smell. They probably repiesent only by- and end-products of meta- 
bolism , and, with the exception of chlorophyll, take no fuither part m the vital 
processes of plants, except in so far as they are beneficial to the general well- 
being by enticing {c ]. flow eis, fiuits) or repelling animals. Their biological signifi- 
cance is aceoidmgly much better know n than their physiological function. Just as 
the ethereal oils are frequently found m special excretoiy receptacles, the resins, 
guru- rc sms, and gum-mucilages, which are also excretion products, are usually 
deposited in canals or glandulai cavities (p SS), and are often mixed with ethereal 
oils Whether their formation m the paiticular instances is necessary for the 
canyiug out of the noimal processes of metabolism is altogether uncertain. They 
are, at any rate, useful to plants when wounded, serving as a protection ag ains t 
e\ apozation and the attacks of parasites. 

The significance of the so-called india-rubber (caoutchouc) and GUTTA-PERCHA 
(in the latex, p. 73) in the economy of the plant is still less known. In addition to 
these substances, there also occur in latex, resins, etheieal oils, alkaloids (in opium), 
starch grains and other carbohydrates, oil -drops and albuminous substances 
The presence ol these substances m the latex, valuable as constructive material, 
and occasionally also of active enzymes (peptomsmg ferments are found m the 
milky juice of Ficus Caricu and Cancel Papaya), gave rise to the suggestion that 
the latex cells and tubes function in the transport of the nutrient mattei It has, 
howev er, been found that, even in starved plants, the latex remains unconsumed , 
and the present knowledge of these often caustic and poisonous saps is limited to 
their external utility m the economy of plant life By their obnoxious properties 
they defend plants from the attacks of enemies Also, in the event of plants 
being wounded, the latex is pres&ed out eitliei by the suiroundmg turgescent tissue 
or by the tension of the elastic walls of its ovv n cells, and forms, as it quickly 
coagulate-, in the air, an efficient coveting foi the wound. In othei plants, especi- 
ally m tiees, wouud-gum serves the same purpose (p. 81). 

Special Processes of Nutrition 

Parasites, Saprophytes, Symbionts, and Insectivorous Plants. 

The acquisition of organic nutritive substances through the activity of 
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nutrient salts is present in the transpiration cnnent , as m that case if, through 
continued evapoiation, the nutrient water should become too concentrated, it 
might act disastrously upon the plant. Alkalies usually tend to increase turgidity, 
while acids dimmish it 

It has already been pointed out, in describing the morphology of 



Fig 170 — Stoma ot Jlellebonis * p m tians\eise section The lUikei lines show the shape 
assumed by the guard-cells when the stoma is open, the lighter lines 'when the stoma closed 
(Attei Schw endener > The cavities of the guard-cells with the stoma closed are shaded, and 
aie distinctly smallei than when the stoma is open 


the stomata, that they are chiefly to be found on the surfaces of the 
leaves. The leaves are accordingly to be considered as special 

ORGANS of transpiration (and assimila- 
tion, p 196). This is also evident from 
the manner in which the vascular bundles 
branch after entering the leaves. As a large 
water-main divides into a network of smaller 
pipes where the consumption of the water 
takes place, so a leaf-trace bundle, after its 
long and uninterrupted course through the 
stem, suddenly branches as soon as it enters 
the leaf-blade The adjoining illustration 
(Fig. 178), showing the nervature or dis- 
tribution of the vascular bundles m a 
Crataegus leaf, will convey some idea ol the 
Guaui -ceil with diminished extensive branching which the bundles of a 

ll!e opening leaf undergo, especially when it is taken 
stiaight , s', tmgesceut gnaid- into consideration that only the macro- 
eel] with ciuved lateral wall, scopic and none of the finer microscopic 

(Aitei leitotb ) branchings are represented m the figure. 

By means of this conducting system, a 
copious supply of nutrient water can be delivered directly from 
the roots to every square millimetre of the leaf. There is, how- 
ever, a special reason why the leaves are so abundantly supplied. 
They are the actual laboratories of plants, in which, out of the 
carbonic acid of the atmosphere and the water, and nutrient salts of 



Fro 177 — Stoma ol a peuanth- 
leat of Galtonia caiuhcans. *S, 
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the soil, the organic building material of the plant-body is produced. 
For similar reasons, it is in the leaves that the broad expansions of tissue 
for the special promotion 
of transpiration are found. 

The amount of water actu- 
ally evaporated from the 
leaf surfaces in the per- 
formance of their vital 
functions is almost in- 
credible For instance, a 
strong Sunflower plant, of 
about the height of a man, 
evaporates in a warm day 
over a litre of water. It 
has been estimated that 
an acre of cabbage plants 
will give off two million 
litres of water in four 
months, and an acre of 
hops three to four millions 
The quantity of water daily 
required to maintain the 
water-supply of a single 
large tree, amounts to 
many litres. The water 
evaporated in the five 
months from June to 
November from an Oak 
standing perfectly free and 
apart, and having about 
700,000 leaves, has been Fiu 17S — Course of the vascular bum lies (\enatiQii) m a 
est im ated at 111 225 kilo- leaf of Ciataegus (From a photograph , natmal size.) 

grams. According to Dietrich, for every gramme of dry, solid matter 
produced, there is, on the average, 250-400 grams of water evaporated 

Experimental . > >, sTrnvii on op Transpiration —The evaporation fiom 

plants, although imperceptible to direct observation, may be easily demonstrated, 
and its amount determined by file help of a few simple appliances One method of 
doing this is to weigh a plant before and after a period of vigorous evaporation, and 
thus determine the amount of water actually lost Or, if the water evapoiated by a 
plant placed under an air-tight bell-jar be absoibed by calcium chloride or concen- 
trated sulphuric acid, it will only be necessaiy to determine the increase m weight 
of the absorbing substance to estimate the amount of water given off by evapora- 
tion The amount of water taken up by a plant may also be shown by so 
auanging the experiment that the water passes in through, a narrow tube, as then 
even a small consumption of water will be quickly indicated by the rapid lowering 
ot the water-level, which will be the more rapid the smaller the bore of the tube. 




192 


BOTANY 


PATt r r 


The important pait taken by the stomata in the piocess of transpuation may be 
easily shown, according to Stahl, by means of the cobalt leaction, or the change in 
colour of daik-blue dry cobalt chloride to light rose upon absorption of water. In 
making this experiment a leaf placed between strips of paper which have been 
previously saturated with this cobalt salt and then thoioughly dned, is laid between 
glass plates The papei on the side of the leaf most abundantly supplied with 



stomata will then first change its colour, 
and that too the moie rapidly the moie 
widely open are the stomata. The cobalt 
reaction can thus also be utilised to deter- 
mine any variation m the size of the open- 
ings of the stomata 

It is evident from these and similar ex- 
pel linents that more water is evaporated m 
a given time fiom some plants than from 
others These variations are due to differ- 
ences in the area of the evapoiatmg surfaces 
and to structural peculiarities (the number 
and size of the stomata, pi esence of a cuticle, 
cork, or hairy coveiing, etc.) But even in 
the same shoot tianspnation is not always 
umfoim This is attubutable to the fact 
that, both fiom internal and external causes, 
not only the size of the opening-, of the 
stomata vanes, but also that transpiration, 
just as evaporation fiom a smfaee of water, 
is dependent upon external conditions 
Heat, as well as the dryness and motion 
of the air, increases tianspiration foi purely 
physical reasons ; v lule light, fox physio- 
logical reasons, also promotes it 

Fiom both physical and physiological 
causeb, tianspnation is much moie vigorous 
dunng the day than luglit Plants like 
Impat levs pant flora, which dioop on waini 
days, become fiesli again at tlu* first appioaeh 
of niglit 

Suction in Tisanhimhinu Shoots — A 
shoot, the cut end of which is plaScd m 
water, shows* by remaining fiesli that it 
must be able to cl Aw up water to its ex- 
treme tips Phe force of suction exerted 


Fig 170 — Suction of a tianspmng slioot. 
The leafy shoot is fitted, so that it is an- 
tight m a glass tube failed with water ancl 
with the lower end immersed in a vessel 
of mercury The meieury is drawn 
up the tube by the suction exerted by 
the tianspirmg shoot (Fiom DetmSr’s 
Physiol Pi aht.) 


by sucli a tianspirfcig foliage shoot may be 
demonstrated, by fitting the cut end in a 
long glass tube filled with water m such a 
manner, that it shall be air-tiglit. Thus 
arranged, the shoot will be able to sustain 
and laise a column of water 2 metres high 
If the lower end of the tube be inserted 


in mercury, as shown in the adjoining figure (Fig. 179), it will be found that 
even the heavy mercury will be lifted by the transpiring shoot to a consider- 
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we have here another example of symbiosis, in which the Lcguminosne 
furnish carbohydrates to the Bacteria, which, m turn, possess the power 
of taking up free nitrogen, and passing it 
on to the host in an available form (p. 173) 

This is at least certain ; the Leguminosae 
with such tubercles contain at maturity 
more nitrogen than could have been pro- 
cured from the nitrates and other substances 
in the soil in which they grow 

In addition to increasing the supply of 
nitrogen, the presence of JRhizobium seems 
to exert a favourable influence on the growth 
of its host-plant. Peas and Lupines do not 
thrive well m even the richest soil, if it 
has been sterilised, and the formation of 
the tubercles prevented. On the addition 
of other unsterilised soil in which the Bac- 
teria are known to exist, the tubercles will 
then appear on the roots, the plants become 
at once stronger, and show by their in- 
creased growth a greater activity of their 
metabolic processes. 

While parasitism or saprophytism is of 
rare occurrence among the higher plants, 
and confined to single species, in which it 
often occurs only irregularly and is depen- 
dent upon the environment, among the 
lower plants it is more general ; large 
families with innumerable genera and species 
are found completely devoid of chlorophyll 
(Fungi and Bacteria), and altogether para- 
sitic or saprophytic in their mode of life. 

Of the Fungi and Bacteria some are true parasites, and are often 
restricted to certain special plants or animals, or even to distinct 
organs; others, again, are strictly saprophytic in their habit, while 
others may be either parasitic or saprophytic, according to circum- 
stances. What renders the conduct of these lower organisms parti- 
cularly striking, is the peculiarity possessed by many of them of not 
fully utilising all of the organic matter at their disposal ; but, on the 
contrary, so decomposing and disorganising the greater part of it by 
their fermentative activity that their own development soon becomes 
restricted. When Yeast-fungi develop in a litre of grape-juice 
they use very little of it for their own nourishment, but by far the 
greater part of it becomes decomposed by the fermentation they 
induce. As a result of this fermentation, together with the pro- 
duction of carbonic acid, the grape-sugar solution becomes converted 



Fic Ibu — A root of Vtcia Faba, 
v, ith numeions root -tubercles 
(Reduced ) 
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into an alcoholic liquid, containing small amounts of glycerine, 
succinic acid, and ester-like compounds in which the yeast itself can no 
longer thrive. The nourishing material of the litre of grape-juice could 
have supported a vastly larger quantity of yeast had the fermentation 
not set in. In the same manner, when Mucor-fungi attack an apple, 
they not only take the small amount of organic matter necessary for 
their sustenance, but at the same time convert the whole apple into 
a soft decaying mass. In addition to this peculiar nutritive activity, 
intram ole cular re spir ation (p. 219) is also active in the promotion of 
fermentation arid putrefaction. A considerable degree of heat is also 
evolved m the course of these processes The utilisation of this 
heat in making hot-beds is a familiar practice The heat produced by 
damp fermenting hay or raw cotton may often become so great that 
spontaneous combustion ensues In germinating Barley an increase 
in temperature of from 40 to 70 or more degrees has been observed. 
The development of so much heat in this case is not due solely to the 
respiration of the barley seeds, but, according to Cohn, to the decom- 
posing activity of a fungus (Aspeujrflus fumtgatus). The spontaneous 
combustion of raw cotton is, on the other hand, caused by a Micro- 
rueciis. Coagulated albumen and thick gelatine are rendered fluid 
by many Fungi and Bacteria, while the escaping gases (carbonic acid, 
sulphuretted hydrogen, ammonium sulphide, ammonia, etc.) show 
how deep-seated is the decomposition. It is by similar processes of 
decomposition that dead organic matter becomes thoroughly dis- 
organised and rendered harmless. To the decomposing action of 
Fungi and Bacteria is due the severity of many diseases which they 
produce in living organisms (potato disease, wheat smut, cholera, 
typhus, diphtheria, anthrax, etc ). By the possession or formation 
of substances (alexine, antitoxine), which react as specific poisons 
upon the infecting Bacteria, plants, and particularly animals, in turn 
protect themselves against the attacks of such micro-organisms. It is 
due to a knowledge of this fact that the science of Therapeutics has 

been enabled to cope more and more successfully with infectious 
diseases. 

Fungi and Bacteria, m addition to the power, dangerous to them- 
selves, of disorganising their own nutrient substratum by fermentation 
and putrefaction, also possess the capability of making an unsuitable 
substratum suitable for their sustenance By means of inverting 
ferments they can convert an unsuitable cane-sugar into an available 
grape-sugar, and by their diastatic ferments they are able to form 
starch from glucose and maltose. 

As is evident from their thriving upon such various substrata, 
Fungi have the power of producing from the most different carbon 
compounds (and also from nitrogenous mineral compounds such as 
ammonium tartrate, or even ammonium carbonate) protoplasm cell 
wall, nuclein, fat, glycogen, etc It is also an astonishing fact 5 that, 
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■while certain Fungi and Bacteria do not require free oxygen for their 
development (Anaerobionts), others (the so-called aerobiotic forms) are 
unable to develop or indeed to exist without oxygen. 

While many Fungi inflict far greater injury upon their host-plants 
by the decomposition they induce, than by the withdrawal of the 
nutritive substances, others produce a different effect The Rust-fungi, 
for instance, do comparatively little injury to their host ; while the 
relation between host and Fungus in the case of the Lichens has been 
shown to be absolutely beneficial. The Lichens were formerly considered 
to be a third group of the lower Cryptogams and of equal value with 
the Algae and Fungi. It is only in recent years that the astounding 
discovery was made by De Bary and verified by the investigations 
particularly of Schwendener, Reess, and Stahl, that the body of 
the Lichens is not a single organism, but in reality consists of Algae 
(e.g. fission - Algae), which also exist in a free state, and of Fungi, 
which for the most part belong to the Asromycetes. The Fungus 
hypliae within the Lichen weave themselves around the Algae ; and 
while the latter occupy the upper or outer side of the leaf-like or 
cylindrical thallus as the more favourable position for assimilation, 
the hyphae come into the closest contact with them and absorb from 
them part of their assimilated products. The Fungi in return provide 
the Algae with nutrient water, and enable them to live in situations 
in which they could not otherwise exist. As a result of this close 
union with the Fungi, the Algae are in no way exhausted, but become 
more vigorous than in their free condition, and reproduce themselves 
by cell division. As both symbionts, the Algae as well as the Fungi, 
thus derive mutual advantage from their consortism. Lichens form one 
of the most typical examples of vegetable symbiosis. 

The cause of the regular appearance of the fission-Algae Nosioc 
and Anabaena in the roots of the Cycadeae and in the leaves of 
Azolla and other water-plants is much less easy to explain. 

In connection w ith tliese cases of symbiosis between plants, mention may here 
be made of the similar symbiotic relation existing between animals and plants. 
Likeiihe Liclien-fungi, the lower animals, according to Brandt, profit by an 
association with unicellular Algae by appropriating their assimilated products with- 
out at the same time disturbing the peiformanee of then functions. Fresh -water 
Polyps {Hydra), Sponges (Spongilla\ Cihctta {Stent or, Paramecium ), also Helio- 
zoas, Vermes {Planana), and Amoebae ( A pretexts) are often characterised by a deep 
green colour, due to numerous Algae which they harbour within their bodies, and 
fiom the products of whose assimilation they also derive nourishment. In the case 
of the Radiolanas, the so-called “yellow cells,” which have been distinguished as 
yellow unicellular Seaweeds, function m the same way as the green Algae in the 
other instances Anothei lemaikable example of symbiosis m wdnek the relation- 
ship is not one meiely ot simple nutrition, has been developed between certain 
jilants and ants. The bo-called Ant-plants (J fyt mecophytae) offer to certain small 
extremely wai like ants a dwelling m convenient cavities of the stems ( Cecropia ), 
m hollow’ thorns {Acacia spadiciyera and sphaerocephala , Fig 187, X), m swollen 
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and inflated mternnde* tC<*tdw iWdvsa). or in. the labyrinthine passages of their 
large j-tem-tub* r» At the same time the ants are provided with 

food m th* 1 of the Oecropias and Acacias in the form of albuminous fatty 

bodie- < * Wl bodn^," Fig 1ST, F h and by the Acacias also with nectar The 
ant- in exchange guard the plants most effectively against the inroads of animal 
foe a as well against other leaf-cutting species of ants, which, m the American 
tropics, kill tree-. by completely and rapidly divesting them of their entire foliage. 
These ^anie leaf-cutting ants live in symbiosis with a Fungus (Itozites gongylophora). 
Upon the accumulated leaves ( ct Fungus-gardens”), according to Holler, the ants 
make pure cuitmes of the fungus mycelium, whose peculiar nutritive outgrowths 
^erve them exclusively for nounshment. Other familiar examples of symbiosis 
are tlio*t existing between flowers and birds or insects. The flowers in these 
instance^ iirovide the nourishment, usually nectar or pollen, but sometimes also 
the mule* (Yucea-moth and the gall- wasp of the figure), while the animals are 



li>7 — Ataua sphaciot'eplwla J, Leaf and part of stem , S, hollow thorns in which the ant 
In e s F, food-bodies at the apices of the lower pinnules ; N, nectary on the petiole. (Reduced ) 
II, Single pinnule with food-body, F (Some u hat enlarged ) 


instrumental m the pollination Here also each symbiont is dependent upon the 
other. In the case of the unintentional dissemination of fruits and seeds by the 
agency of animals, the symbiotic relations are less close. 

Of all the different processes of supplementary nutrition employed 
by plants, those exhibited by Insectivorous Plants in the capture and 
digestion of animals is unquestionably the most curious. Although 
they are green plants and in positions to provide their own organic 
nourishment, they have, in addition, secured for themselves, by 
peculiar contrivances, an extraordinary source of nitrogenous organic 
matter, by means of which they are enabled to sustain a more vigorous 
growth, and especially to support a greater reproductive activity, than 
would otherwise be possible without animal nourishment. It is not 
accidental that the plants which have become carnivorous are, for the 
most part, either inhabitants of damp places, of water swamps, and 
moist tropical woods, or that they are epiphytes. The nitrogenous 
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and phosphoric salts of the soil are not obtained by them m the same 
quantities as in the case of the more vigorously transpiring land-plants. 
This is very evidently the case 
in the Sundew (Drosent), which 
is loosely attached by a few roots 
upon a thick spongy carpet of 
Bog-moss, and must find in the 
animal food a valuable addition 
to its nitrogenous nourishment. 

A great variety of contrivances for 
the capture of insects are made use of 
hy carnivorous plants. The leaves of 
Droscrct are covered -with stalk-like out- 
growths (“tentacles”), the glandular 
extremities of which discharge a \iscid 
acid secretion (Figs. 188 and 115) Any 
small insect, or even larger fly or moth, 
which comes m contact with any of the 
tentacles is caught m the sticky secre- 
tion, and m its ineffectual struggle to 
free itself it only comes m contact with 
other glands and is even more securely ^ 

held. Excited by the contact stimulus, Fm iss — A leaf of u,o^rn , ufv athfnha. The 
all the other tentacles curve over and stalked glands and their secretions serve for the 

close upon the captured insect, while “g™- " f 

the leaf-lamina itself becomes concave s ' 

and surrounds the small prisoner more closely. The secretion is then discharged 
moie abundantly, and contains, m addition to an increased quantity of formic acid, 

a peptomsmg ferment The im- 
prisoned insect, becoming thus 
completely covered with the secre- 
tion, perishes. It is then slowly 
digested, and, together with the 
secretion itself, is absorbed by the 
cells of the leaf. 

In Pttiguicula it is the leaf- 
margins which fold over any small 
insects that may be held by the 
minute epidermal glands. In 
species of Utneu7ana (Fig 34), 
growing frequently in stagnant 
Fig. 1S9 — A leaf of Dtonaca mt$i tpirla, showing the water, small green bladders (meta- 
sensitive bustles on its upper surface, which, m the morphosed leaf-tips) are found on 
parts shaded, is also thickly beset with digestive tips 0 f the dissected leaves, 

glands (Alta Dmnr, enlarged ) In eaeh bladder there is a small 

opening closed by an elastic valve which only opens inwards. Small snails and 
ciustaceans can readily pass through this opening, guided to it by special out- 
giowths ; but their egress is prevented by the trap-like action of the valve, so that 
m one bladder as many as ten or twelve crustaceans will often be found imprisoned 
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at the same time The ab-soiption of the disoiganised annual i eiuams &eeius to be 
performed by finked haiii which sj»nng from the walls of the bladdei. 

Mure uomukablc still. and even bettei adapted foi its purpose, is the mechanism 
exhibited by othf-i and now well-known inseciivoious plants In the case of 

Venus Fly-trap ( Dio/iaea ), growing m the peat bogs of 
North Caiohna, the capture of insects is effected by 
the sudden closing together of the two halves of the 
leave*, (Fig. 189) This action is especially due to 
the lmtability of three bustles on the upper side of 
each half-leaf (the leaf surfaces themselves are much 
le^s sensitive). Upon the death of the insect caught 
bv the leaf, a copious excretion of digestive saj3 
takes place from glandulai hairs on the leaf surface, 
followed by the absoiption of the products of the 
digestive solution In the case of other well-known 
msectixorous plants {Nepenthes, Gcpkaloius, Garret - 
ccnia , Darh/igtoma ), the traps for the capture of 
annual food aie foimed by the leaves which glow in 
the shape of pitchers (Figs. 33, 190) These trap- 
like leceptacles are paitially filled with a watery fluid 
excreted from glands on their inner surfaces. En- 
ticed by secietions of honey to the rim of the pitcher 
(m the case of Nepenthes), and then slipping on the 
extraoidmanly smooth surface below the margin, or 
guided by the dow nw aid-directed hairs, insects and 
other hiuall animals finally fall into the fluid and 
aie there digested by the action of ferments and 
acids. In Sen raeemet and Gephalotus , Goebel was 
unable to discox er any digestive ferments , but in. 
Ci'phcftotus , however, it was possible to deteimme 
that the secretions have antiseptic piopeities The 
lid -like appendage at the opening of the pitcher of 
Nepenthes, Sancieenia, and CephaloHis does not shut ; 
its function seems to be meiely to prevent foreign 
substances fiom falling into the pitcher, and parti- 
eulaily to keep out the lain The entrance to the 
tubular leaves of Dm hnytoaw is undei the lielmet-like extiennty, and therefoxe 
a lid is umieees^ai v 
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Pitcheied leal ot a 
X* ehtu* A poitioit ot the 
Uteial wall nt thp pitchm has 
1 jeer nauo\ed in order to 
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dto leaf glands (lied need ) 


III. Respiration 

It is a matter of common knowledge that animals are unable to 
exist without breathing. In the higher animals the process of respira- 
tion is so evident as not easily to escape notice, but the fact that 
plants breathe is not at once so apparent Just as the method of the 
nutrition of green plants was only discovered by experiment, so it also 
required carefully conducted experimental investigation to demon- 
strate that TLANTS ALSO MUST BREATHE IN ORDER TO LITE , that, like 
animals, they take up oxygen and give off carbonic acid Even 
Liebig in 1840, in his epoch-making work {Die m gcinische Chemie m 
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Hirer Anwendung ctuf Ag> icultm mvl Physiologic), showing the applica- 
tion of organic chemistry to agriculture and physiology, refused to 
believe in the respiration of plants. Although the question had 
already been thoroughly investigated by Saussure in 1822, and by 
Dutrochet in 1837, and its essential features correctly interpreted, 
Liebig pronounced the belief in the respiration of plants to be opposed 
to all facts, on the ground that it was positively proved that plants 
on the contrary decomposed carbonic acid and gave off the oxygen. 
He asserted that it was an absurdity to suppose that both processes 
were carried on at the same time , and yet that is what occurs. 

Assimilation and respiration are two distinct vital pro- 
cesses CARRIED ON INDEPENDENTLY BY PLANTS. WHILE IN THE 
PROCESS OF ASSIMILATION green PLANTS ALONE, AND ONLY IN THE 
LIGHT, DECOMPOSE CARBONIC ACID AND GIVE OFF OXYGEN, all PLANT 
ORGANS WITHOUT EXCEPTION BOTH BY DAY AND BY NIGHT TAKE UP 
OXYGEN AND GIVE OFF carbonic acid. Organic substance, obtained by 
assimilatien, is in turn lost by respiration. A seedling grown in the dark 
so that assimilation is impossible, loses by respiration a considerable part 
of its organic substance, and its dry weight is considerably diminished. 
It has been found that during the germination of a grain of Indian Corn, 
a full half of the organic reserve material is consumed in three weeks. 
That green plants growing in the light accumulate a considerable 
surplus of organic substance, is due to the fact that the daily production 
of material by the assimilatory activity of the green portions is greater 
than the constant loss which is caused by the respiration of all the 
organs. Thus, according to Boussingault’s estimates, in the course 
of one hour’s assimilation a plant of Sweet Bay will produce material 
sufficient to cover thirty hours’ respiration 

The question may be asked, why then is respiration essential to 
life ^ It cannot be that its importance for plants arises from the 
loss of substance ; that would be but a mere waste of material 
which had been previously elaborated by the plant. A means of 
judging of the importance of respiration is afforded by the behaviour 
of the plants themselves when deprived of oxygen By placing them, 
for example, under a jar containing either pure nitrogen or hydrogen, or 
in one from which the air has been exhausted, it will then be found that 
all vital activity soon comes to a stand-still ; plants, previously growing 
vigorously, cease their growth : the streaming motion of the protoplasm 
in the cells is suspended, as well as all external movement of the 
organs Motile organs of plants become stiff and rigid and sink into 
a death-like condition. If oxygen be admitted, after not too loDg an 
interval, the interrupted performance of the vital function is again 
renewed. A longer detention in an atmosphere devoid of oxygen will, 
however, irrevocably destroy all traces of vitality , as m every condi- 
tion of rigor internal chemical changes take place, which, by a pro- 
longed exclusion of oxygen, lead to the destruction and disorganisation 
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of the living substance The presence of oxygen is necessary to 

THE CHEMICAL PROCESSES TAKING PLACE WITHIN THE CELL, IN ORDER 
TO MAINTAIN THE LIVING SUBSTANCE IN A CONDITION OF NORMAL 
ACTIVITY. 


The absorption of oxygen anti the evolution of oai borne acid by living plants 
can be demonstiated both qualitatively and quantitatively by simple experiments 
From what has already been said of the contradictory nature of assimilation and 
respiration, it will be at onee apparent that these experiments must be conducted 
either m the dark or on portions of plants devoid of chlorophyll Colouied or 
whin flower- roots, germinating seeds and Fungi furnish suitable objects on 
which, at any time, the gaseous intei change occurung during respiration may 
he observed The more abundant the protoplasm and the more energetic its 
vital activity, so much the more vigorous is the respiration. The best results are 
obtained, therefore, from young portions of plants in an active state of growth 
It should also be mentioned that from the following experiments only the carbonic 
aeid and not the whole of the products of the respiratory activity are determined 
From theoretical consideiations, and also from exact chemical analysis, it has been 
definitely established that, IN addition to carbonic acid, water is formed 

FKuM THE ORGVNIC MAT IDF. BY RESPIRATION. 

The absorption of oxygen and the formation of carbonic acid may be clearly 
shown by the to] lowing experiments (Fig 191). A flask (B) filled with young mush- 
rooms or Composite flowers is inverted with its mouth m an open vessel of mercury 
{Q'j, and «i few centimetres of caustic potash solution introduced within its neck. 
In the same degree as the carbonic acid produced by respiration is absorbed by the 
eaustie potash, the volume of air m the flask will be reduced and the mercury will 
rise m the neck Alter a time, the ascent of the mercury ceases and it remains 
stationary If the quantity of air remaining m the flask be estimated, it will be 
found that it has lost a fifth of its original \ olume ; this means, however, that the 
whole of the oxygen (which makes up one-fifth of the atmospheric air) has been 
absorbed. If caustic pota&li is not used m this experiment to absoib the ex- 
haled caihomc acid, the mercury remains at its natural level, 01 , m other words, 
the volume of air m the flask lemains unchanged From this experiment it is 
apparent that the volume of oxygen absorbed is equal to the volume of carbonic 


CO 

atul evolved, as expressed by the foimula -jsp=l. This equivalence of volume 

between the oxygen absorbed and the carbonic acid exhaled exists only m cases 
where the oxygen is used exclusively for respnation, and not where it js con- 
sumed in transforming the contents of the cells, as is observed in the germination 
of seeds rich in fat, and m the interchange of gases in the case of the succulents. 
In the germination of seeds rich m fat, the fat is converted into carbohydrates 
richer m oxygen. The oxygen consumed remains combined m the plant On the 
other hand, in the case of the succulents, their peculiar power of effecting oxidation 
during the night and subsequent deoxidation in the light, modifies the gaseous 
interchange of respiration. 


The absorption of oxygen m the lespiration of plants can also be shown by the 
fact that a flame, held m a receptacle in which plants have been kept for a time, is 
extinguished It a lighted tapei be thrust into a glass cyhnder which has been 
partially tilled w ith flowers or mushrooms, and then tightly covered and allowed 
to remain for a day, it will be extinguished, as the oxygen of the air m the 
cylinder will all have been absorbed. The carbonic acid exhaled m respiration can 
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be quantitatively determined fiom tlie increase in tbe weight of the caustic potash 
by which it has been absorbed, or fiom the amount of barium carbonate precipi- 
tated by conducting the respired carbonic acid through baryta vrater (to which 
some BaCLj has been added). In this last experiment it will of course be 
necessary to free the air from all traces of carbonic acid before it is admitted to the 
respiring plants 


Intramolecular Respiration. — In the middle of the seventies 
Pfluger made the surprising 
discovery that frogs are not 
only able to live for some time 
in an atmosphere devoid of 
oxygen, but even continue to 
exhale carbonic acid. From 
similar investigations it was 
found that plants also, when 
deprived of oxygen, do not die 
at once, but can prolong their 
life for a time and evolve car- 
bonic acid Under these cir- 
cumstances it is apparent that 
both elements, the carbon as 
well as the oxygen, must he 
derived from the organic sub- 
stance of the plants themselves : 
the oxygen can only be ob- 
tained through some unusual 
process of decomposition carried 
on within the plant. This form 
of respiration has consequently 
been described as intramole- 
cular. 

The amount of carbonic 

acid produced in a given time 

by intramolecular respiration is 

usually less than that given off Fig 191 —Experiment m respiration The in\ erted 

in tbp samp timp durino- normal flask 18 P artiaUy lllled " ,th flowerR > ' vllich 

m tne same time during normal are held m p1ace by the plug of cotton (ir> 

respiration. There are plants. Through the absorption ol the carbonic acid ex- 

however Cfor instance, V ICICI 111 respiration, by the solution of caustic 

7 -t t \ t ' -i 7 - - potash ( K \ the mercury (0 rises m the neck of 

Faba ), whose seedlings, m an the flask 
atmosphere of pure hydrogen, 

will exhale for hours as much carbonic acid as in the ordinary air. 
During intramolecular respiration all growth ceases and abnormal 
processes of decomposition take place, whereby alcohol and other 
products are formed. 

It had formerly been believed that the inciting cause of respiration was the 
oxidising activity of the oxygen, which was thought to act upon the living 
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Miltetiinct* in. the >ame way as upon an easily oxidised body But the discovery of 
intramolecular i equation ltd to a new conception of the processes of normal 
i expiration Aceoidmg to it, the piotoplasm seems by its vital activity constantly 
to piudnee uue 01 more substances wnich greedily seire upon oxygen. The aflimty 
oL these -iii stances foi oxygen is so great that, m case no free oxygen is at tlieir 
dixpo-a\ t h* y decompose and take it irom the piotoplasmic substance itself (just 
ax chloimc ha^ tht power of decomposing other compounds to combine with 
hyliogrn . Plant- breathe, aecoidmgly, not as a result of the decora posing 
oxidation ul the oxygen m the an, but they absoib oxygen because respiration is 
* -^ential to the performance of those metabolic processes on the continuance of 
uhifhtbtn uw n vitality depends. Respiration, like nutrition and growth, 

I- AX I Xl'l.hx^xox OF 1 P VUTU'ULAK VITAL ACTIVITY OF THE PROTOPLASM. From 
thi'* xtandpoint, it is at once evident that xespnation becomes intensified with every 
iiiaeax^ in the Mtal activity, and on the other hand, decreases with every diminu- 
tion of tue vital functions. 

To mubu stand the physiological reason or the existence of such a vital pio- 
ct ss lespnaiion is more difficult The behaviour of plants m an atmosphere 
lice from oxygen demonstrates, at all events, that normal respiration is requisite 
foi the vital activity of the piotoplasm , that, through it, m a woid, the equilibiium 
oi the living sub&tame is distuibed, and so the stimulus given to fuither mole- 
cular movements and renewed \ital activity Through the disturbing activity 
ot inspiration, the eneigy of the piotoplasm is continually aroused, and 
the latent forets, accumulated thiough the operation of the vital processes, aie 
again set hee it is, m other wolds, tire specific souice of all vital energy In 
intiamoleculai inspiration, the neee&sity for oxygen distuibs the equilibrium m 
an unnatural way, and sets fiee foices, which lead, not to the continuance of the 
vital actiMtv, but to the destruction of the living substance 

That specific \ital energy can be otheiwise derived than through the utilisation 
of fiee oxygen i* shown m the case of the Anaerobionts (p 213 ), which live and 
multiply without the presence of hee oxygen The foimation of ferric hydroxide 
by the feO-called iron ractfriv, as well as the production of sulphuric acid by the 
sulphur n vc r lria, is i^robably the result of an attempt on the part of those micro- 
oigdiiisins to substitute other sources of energy foi normal lespiration 


The energy gained by the absorption of oxygen is accompanied by 
a loss of combustible organic substances. This loss is first felt by the 
protoplasmic body itself, but is soon, made good again at the expense 
of the carbohydrates and fats , so that no permanent loss of 
protoplasmic substance from respiration is perceptible, but a visible 
DIMINUTION OP THE CARBOHYDRATES AND FATS CAN BE DETECTED. 

Heat produced by Respiration. — Eespiration is, chemically’ and 
physically considered, a process of oxidation or combustion, and, like 
them, is accompanied by an evolution of heat That this evolution 
of heat by plants is not perceptible is due to the fact that considerable 
quantities of heat are rendered latent by transpiration, so that 
transpiring plants are usually cooler than their environment ; and also 
to the fact that plants possess very large radiating surfaces in propor- 
tion to their mass. The spontaneous evolution of heat is easily shown 
expenmentally, if transpiration and the loss of heat by radiation are 
prevented and vigorously respiring plants are selected. Germinating 
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seeds (Peas), if examined in large quantities, show under proper 
conditions a rise in temperature of 2° C. The greatest spontaneous 
evolution of heat manifested by plants has been observed in the 
inflorescence of the A/aceae, m which the temperature was increased by 
energetic respiration 10°, 15°, and even 20' C. Also in the large 
flower of the Victoria regia temperature variations of 15" C have been 
shown to be due to respiration. One gramme of the spadix substance 
of an Aracecie exhales, m one hour, up to 30 cubic centimetres C0 2 ; 



Pig 192 — Experiment to show the dneet communication of the external atmospheie with the 
internal ti&sueb of plants The glass tube and the leaf P, are fitted air-tight m the bottle G , 
upon withdrawal of the air m. tlie bottle by suction on the tube B, the external air penetrates 
the intercellular spaces of the leaf, through the stomata, and escapes m the form of small 
air-bubbles from the cut surface of the leaf-petiole (From Detmer’s Physiol Ptuct ) 

and half of the dry substance (the reserved sugar and starch) may be 
consumed in a few hours as the result of such vigorous respirations. 

That other processes, in addition to respiration, co-operate in the production 
of heat is apparent flora the fact that the amount of heat evolved does not vary 
proportionally to the carbonic acid exhaled. The high temperature (up to 70° C.) 
observable m germinating Barley does not lesult fiom respiration alone, but is due 
to the decomposing activity of a Fungus 

The Movement of Gases within the Plant. — The entrance of 
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oxygen into the plant body is not accompanied by any respiratory 
movements, as in the case of animals , but takes place solely through 
diffusion. Those cells which are in direct contact with the air or 
water can absorb their requisite oxygen directly ; while cells in the 
midst of tissues are dependent upon , the oxygen which can diffuse 
through the surrounding cells. Such a diffusion from cell to cell 
would not, however, be adequate, in the case of the vast cellular 
bodies of the higher plants, to provide the living cells of the interior 
with a sufficient supply of oxygen. This is accomplished by means of 
the aii -spaces, which, as intercellular passages, penetrate the tissues 
in all directions and so bring to the protoplasm of the inner cells the 
air entering through the stomata and LENTICELS (p. 143). That the 
intercellular spaces were in direct communication with each other 
and also with the outer atmosphere, was rendered highly probable 
from anatomical investigation, and has been positively demonstrated 
by physiological experiment. It is, in fact, possible to show that air 
forced by moderate pressure into the intercellular passages makes 
its escape through the stomata and lenticels ; and conversely, air 
which could enter only through the stomata and lenticels can be 
drawn out of the intercellular passages. The method of conducting 
this experiment can be seen from the adjoining figure (Fig. 192). 
Through the cork of the bottle (G), 'which is partially filled with water, 
a glass tube (72) and a leaf (P) are inserted , when the air in the bottle 
(Q) is drawn out by suction through the glass tube (JR), a stream of air- 
bubbles passes out through the intercellular spaces of the severed leaf- 
stalk, and is maintained by the air entering through the stomata of 
the leaf-lamina. By a similar experiment it can also he shown that 
in corky stems the communication between the intercellular spaces 
in the medullary rays, cortex, and wood and the external atmosphere 
is maintained through the lenticels. The movement of the gases 
within the intercellular spaces is due partly to the diffusion, induced 
by the constant interchange of gases caused by respiration, assimila- 
tion, and transpiration, and partly to their own instability, arising 
chiefly from modifications of the temperature, pressure and moisture of 
the surrounding atmosphere, but which is also increased by the move- 
ment of the plants themselves, through the action of the wind. 

Inteicellulai air-spaces are extensively developed m watei and marsh plants, 
and occupy the greater part of the plant body The submerged poitions of water- 
plant-. unprovided v ith stomata secure a special internal atmosphere of their 
own, vi th v Inch then cells maintain an actne exchange of gases. This internal 
Atmospheie is in turn replenished by the diffusion talcing place with the surround- 
ing atmosphere In marsh-plants, which stand partly in the air, the large intei - 
cellular spaces foim connecting canals through which the atmospheric oxygen, 
without being completely exhausted, can reach the organs growing deep m the 
swampy soil, surrounded by marsh-gas and othenuse cut off from any communica- 
tion with the atmosphere. 
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Phosphorescence. — The same conditions which accompany respira- 
tion also give rise to the production of light or phosphorescence in a 
limited number of plants, particularly in Fungi and Bacteria. This 
phosphorescence at once disappears in an atmosphere devoid of oxygen, 
only to reappear on the admission of free oxygen. All the circum- 
stances which facilitate respiration intensify phosphorescence ; the 
converse of this is also true. According to the results of investigations 
concerning the phosphorescence of animals, from which that of plants 
does not probably differ in principle, the phosphorescence is not 
directly dependent upon the respiratory processes, but is due to the 
production by the protoplasm of a special colloid substance in the 
form of globules or granules, which give out light when undergoing 
crystallisation. On free exposure to the atmosphere, and under proper 
conditions of moisture and temperature, this phosphorescent substance, 
even after its removal from the living organism, is still capable of 
giving out light for a long time 

The best -known phosphorescent plants are certain forms of 
Bacteria which 1 develop on the surface of fish and meat, and the 
mycelium, formerfy described as “ Rhizomorpha,” of the fungus Agaricus 
■melleus. As further examples of spontaneously luminous Fungi may be 
cited Agaricus oleanus, found growing at the foot of olive trees in 
South Europe, and other less familiar Agarics (Ag. tgneus , nodilacens, 
Gardnen, etc.). The phosphorescence of decaying wood is also, without 
doubt, due to the growth of Fungi or Bacteria. Of plants taking 
part in the phosphorescence seen in water, the most important are 
Pyrocystis noctiluca, an Alga, and the spontaneously luminous Bacteria 

The so-called phosphorescence of the Moss, Sekistostega, and of some Selagmellas 
and Ferns, has nothing in common with actual phosphoiescenee, but is piodueed 
solely by the leflection of the daylight from peculiarly formed cells (Fig. 325). 
The phosphorescence ohseried in some sea-weeds results, on the othei hand, fiom 
the fluorescence and opalescence of ceitam of then albuminous substances, or fiom 
the iridescence of their euticular layers. 


IV. Growth 

The size which plants may attain varies enormously. A Mush- 
room seems immeasurably large in contrast witb a J haotoccut, but 
inexpressibly small if compared with a lofty Californian Sequoia A 
Bacillus of the size of a Mushroom, or a Mould-Fungus of the height of 
a Sequoia, are, with their given organisation, physiologically as incon- 
ceivable as a Mushroom with the minuteness of a Mia ococcus. The 
size of an organism accordingly is an expression of its distinct individu- 
ality, and stands in the closest relation to structure and conditions of 
life, and in each individual varies within certain narrow limits 

However large a plant may be, and however innumerable the 
number of its cells, it nevertheless began its existence as a single cell, 
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microscopically small and of the simplest structure. To attain its 
final size and perfect development it must grow, that is, it must 
enlarge its body and undergo differentiation. Even for the minute 
unicellular baeteria growth is essential, as they multiply chiefly by 
cell division. Each daughter cell must grow and attain the 
dimensions of the parent cell, or in a few years the capacity for 
existence itself will be lost through their continually decreasing size. 
It is m fact impossible to conceive of a plant where perfect de- 
velopment is not the result of growth. If a growing Oak or Cedar 
be compared with the single spherical egg- cell from which it has 
arisen, it is at once clear that by the term growth we mean not 
only an increase m volume, but include also a long series of 
various developmental stages, and external and internal modi- 
fications. A mere increase in volume does not necessarily imply 
growth, for no one would say that a dried and shrivelled turnip grows 
when it swells m water. On the contrary, active growth may be 
accompanied by a considerable loss of substance, as is shown by the 
sprouting of potatoes kept in a dark cellar. Water is lost through 
transpiration as well as organic substance through respiration, and yet 
the new shoots show true growth. 

In the lower organisms growth is exhibited in its most simple 
form. In an Amoeba or a Plasmodium growth is simply an increase 
m their substance , in a unicellular Alga or in a Fungus it means, in 
addition to this, an enlargement of their cell walls In the higher 
plants the processes of growth are far more complicated and various, so 
that, according to Sachs, four chief phases of growth can be distin- 
guished, which, however, are not sharply separated, hut merge imper- 
ceptibly one mto the other. 

1. The embryonic phase, or the first origination of new cells or 
organs, according to their proper position and number. 

2. The formative phase, or the continuance of the embryonal 
development, and the assumption of a definite form 

A The phase of elongation of the already formed embryonal 
organs 

4 The phase of internal development and completion of the tissues 

The Embryonal Development of the Organs 

Plants, m contrast to the higher animals, continually develop new 
organs. These arise either from tissues retained in their embryonic 
condition, as at the growing point, or they have their origin in regions 
which have already more or less completely attained their definite 
form. The leaves and shoots spring directly from the tissues of the 
growing point ; the first lateral roots, however, make their appearance 
at some distance fiom the growing point, where a perceptible differen- 
tiation of the tissues has already taken place. 
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Leafy shoots may also take their origin from old and fully- 
developed tissues, which again assume an embr 3 ’onic character, accom- 
panied by an accumulation of protoplasm and renewed activity in cell 
division. But as this only occurs in exceptional cases, shoots which 
thus arise out of their regular order are termed adventitious 

The manner of the Formation of New Organs at the Growing 
Point has already been described (p. 149). It is only necessary here 
to again call attention to the fact that the young organs develop in 
acropetal succession, so that the youngest is always nearest the apex. 
Tins is, m fact, the most natural method in consideration of the apical 
growth of the axes. In spite of that, however, special cases are 
known in which the young organs arise at some distance from the 
growing point, and between older organs (in the inflorescence of 
Ti/phu). The point from which new organs arise, and the number 
which develop, are chiefly dependent upon inherited internal disposi- 
tion. Although external conditions exert m this respect but small 
influence, it has been recognised that the available space, and the 
subsequent pressure of the older organs of the vegetative cone, as 
well as the toision of the axis, operate m determining the ultimate 
position of new organs on the parent axis. The influence of other 
factors, light, gravity, chemical and mechanical stimuli, which at certain 
times in the later life of the tissues are of extreme importance, have 
usually but little effect on the embryonal development. Yet, on 
the other hand, the position of the first division wall of the ger- 
minating spore of M(usiha is determined by the action of gravity, 
and the direction of the first wall (as well as of the preceding nuclear 
division) in the spore of JEquisetum is determined by its relative position 
to the light. 

In Adventitious Formations, on the contrary, the influence of 
external forces is often very evident, as, for example, in the formation 
of climbing-roots, which m the Ivy and other root-climbers are de- 
veloped only on the shaded side of the stem In the Alga Caulerpa 
the new leaf-like organs arise only on the illuminated side of the parent 
organ. It is, on the other hand, the force of gravity which excites 
the formation of roots on the under side of underground rhizomes It 
is also due to gravity that the growing points of shoots are formed only 
from the upper side of the tubers of Thhidiantha dubia, or that new 
twigs develop, for the most part, from the upper side of the obliquely 
growing branches of trees. Contact stimuli, on the other hand, 
determine the primary inception and point of development of the 
haustoria of Cuscutu (p. 208). The sexual organs of Fern prothallia 
are always developed on the side away from the light ; that is, in 
normal conditions on the under side, hut in case of artificial illumina- 
tion on the upper side. 

As a result of one-sided ilhwMa^tion and the stimulus of gravity, 
together with the favouring i*fluenc^ST!Ti^«taxe, the rhizoids spring 
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only from the under side of the gemmae of Mcirchantia, so that 
eventually the two originally similar sides assume an altogether 
different anatomical structure. 

Manv adventitious formations are the result of definite external causes ; as, for 
example”, the galls induced by the stings of insects and the deposits of animal 
eggs and larv;e (ef. p. 155). 

The development of adventitious formations is especially induced by 
mutilation of plants. New formations are in this manner produced 
at points from which they would never have arisen on the uninjured 
plants. In the case of Pelargoniums, Oleanders, Willows, and many 
other plants, it is possible to induce the formation of roots wherever 
the shoots are cut. In other plants, however, there seem to be certain 
preferred places, such as the older nodes, from which, under the same 
circumstances, roots develop In like manner new shoots will appear 
in the place of others that have been removed. In the development 
OF NEW FORMATIONS ON A MUTILATED PLANT THOSE VERY ORGANS 
ARISE, OR PREFERABLY ARISE, OF WHICH THE PLANT HAS BEEN 
deprived. Rootless shoots develop first of all new roots. Roots and 
root-stocks deprived of their shoots form first new shoots. In these 
processes there is manifested an internal reciprocity in the formative 
growth of organs, which has been termed the correlation of growth. 

Correlation of growth is often, also, very apparent m the normal development 
of the organs of uninjured plants. It is due to this that scales of buds are developed 
m their special form rather than, as foliage leaves. For, as Goebel showed, it is 
possible by artificial means, as, for example, by the timely removal of the leaves of 
the parent shoot of AcsmiZus, Acer, Synnga, Quercus, or in the case of Prunus 
Padus, by cutting off the upper extremity of the shoots, to induce the formation, of 
normal iohage leaves in the place of the scales. The vigorous growth which 
ensues m the fruit and m the fruit-covenngs after fertilisation and development 
of the embryo m the ovule, affords another example of correlation; for, m 
ease no fertilisation of the egg-cell occurs, all those changes which produce a ripe 
fruit fiom the flower do not take place ; and. instead, another correlative process 
is manifested by which the now useless organs are discarded. Certain plants, 
especially those modified by cultivation, form an exception to this * m many varieties 
of banana, in the seedlessTman'cTann, and in the variety of raisins known as sultana, 
etc., although no seeds capable of germination are produced, tbe formation of a 
so-called fruit is nevertheless continued. Even m these instances it is essential 
for the formation of fruit that there shall have occurred a previous pollination of the 
stigma, or the fertilisation of the ovules, which, however, do not mature. In some 
few exceptional cases, however, as m the Fig, even this impetus to fruit formation 
is not necessary The manner of the formation of conducting tissues m plants, 
and also their anatomical development, are regulated by correlation From these 
few instances it may be seen bow the principle of correlation affects the most 
various of the vital processes, even under normal conditions, and how the har- 
monious development and function of the single members of the plant body are 
controlled by it. 

The polarity manifested by plants should also be considered as a special example 
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of tlie correlation existing between the different part* of the plant body. This* 
polarity is particularly apparent in stems and roots, and finds its expiession in the 
tendency of every small piece of a stem to develop new" shoots from that end which 
was nearer the stem apex, while the loots take their use fiom the other end. 
Pieces of roots m like manner send out roots from the end originally nearer their 
apex, and shoots from the end towards the stem. 

In accordance with this principle, detached pieces of stems produce new shoots 
from their “shoot-pole,” and injured roots new roots from their root-pole.” 
This polarity, particularly investigated by V uchhkg and Sachs, makes itself 
apparent in even the smallest pieces of stems or roots, and may, m this respect, be 
compared to the magnetic polarity exhibited by every small piece of a magnet. 
Unlike poles of a plant may readily be induced to glow* together, while like 
poles may only be brought to do so with difficulty, and then do not develop 
vigorously. As a result of such experiments, a radial polarity has also been 
recognised by Vochting m stem and root tissue : thus, for instance, pieces of 
a stem or root, inserted in a lateral incision of a similar organ, become united 
with it, if they are so placed that the side originally outermost occupies the 
same lelative position m the new* organ, but if this position is altered no such 
union takes place. Leaves take, in respect to polarity, a special position, for they 
are not organically included within new foimations derived from them Thus, 
hom the basal end of a leaf, an entire plant, with roots, stem, and leaves, may 
ause, while the regenerative leaf itself gradually die* It is ot especial interest to 
obseive the etfect of external influences upon the position of new* formations, when 
they come into opposition to the internal disposition of the plants themselves. In 
this respect, the behaviour of diffeient species vanes greatly. In one, the internal 
factors predominate, that is, the new* formations appear quite Independently of 
external conditions ; in another, the external influences of the moment prevail , 
but the internal disposition of tlie plant, when thus constrained foi the time being, 
ultimately makes itself apparent and the new formations never develop vigorously. 
A willow* tw*ig, planted m a reversed position, with the shoot-pole m the ground, 
will produce roots, and irom the root -pole may even pioduce shoots. These, how- 
ever, usually soon die and their place is supplied by other stronger shoots ansing 
hom the shoot axis just above the roots It is only by the most careful suppression 
of any such developments that the shoots fiom the loot-poles may he kept alive. 
In so-called “creeping” trees, the formation of side branches fiom the upper side 
ot the hanging branches is favouied by external conditions, but the internal 
polarity prevents then vigorous development, and those formed soon die In the 
cultivation of grapes and fiuit-trees this peculiarity is utilised to produce short- 
lived, ftuit-pioduemg shoots by bending over the vines 01 tiaimng the branches of 
the trees m the cultivation ot w*all fiuits On the other hand, in some cases the 
internal polarity is easily overcome by external influences. It i&» sometimes suffi- 
cient meiely to leverse the erect tliallus of Bryopsis, one of the Hiphoneac^ to con- 
vert the foimer apical portion into a root-like tube w r hich penetrates the substratum 
and fastens itself to the grams of sand It has also been positively determined, 
although otherwise such cases are unknown among the higher plants, that the 
growing points of the roots of Xeottia and of certain If eras {Platy ceraiM, Aspleniwn 
esculctitum) may be converted through some inherent tendency into the vegetative 
cone of a stem. 

The con elation phenomena manifested m the formation of new organs have the 
greatest practical importance, for the propagation of plants by cuttings or grafting 
is based upon them 
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Iji artif'cial lejiioilnction detaehed pieces of plants aie made use of for tlie 
pxupO'it" ot pioduem*' a hv-di complete plant In many cases this is easily done, 
hut m othei » it !•» more difficult, or e\en impossible. The favouiite and easiest 
method is hv nie«±iis of cuttings, that is, the planting of cut branches m uater, sand, 
or eai th, in w lueli they take loot (Pelargoma, Tradescantias, Fuchsias, Willows, etc ) 
Many plants may be propagated from e\ en a single leaf or portion of a leaf, as, foi 
instance, is usually the case with Begonias The young plants spring from the end 
of the leaf-stalk, 01 fiom its point of union with the leaf-blade, oi fiom the ribs, 
paiticulaily when they aie aitihciallx broken or incised In other cases the leaves, 
while still on the paieut plant, have the power to pioduce adventitious buds, and, 



Fio 103 — DifSeient modes of grafting 1 , Cicro n giafting , II , splice grafting ; III, bud giafting f 

7r, stock , L, bcion 

in tin- way, gne rise to new plants (see Vegetative Reproduction, p 279)* Even 
lrom roots oi pieces of loots it is also possible to propagate some tew plants An 
example of tins is attended by Ipecacuanha , whose roots are out m pieces and then 
sown hhe »eeds The Dandelion possesses the same capability ot developing from 
small poi turns of the root, and to this, peoulianty is due the difficulty with which 
it is destroyed. 

In gi dftmg oi budding, cuttings trom one plant are mseited m another, so that 
they glow together to torin physiologically one plant. The union is accomplished 
by means of a callus (p. 144), formed by both the scion and the adopted stock 
\ esselto and sieve-tubes afterwards develop m the callus, and so join together the 
similarly functioning elements of both paits. Such an oiganic union is only 
possible between veiy nearly related plants, thus, for example, of the Amygdalaceae, 
the Plum, Peach, Almond, Apricot, may leadily be grafted one upon the other, oi 
of the Pomaeeut, the Apple with the Quince , but not the Apple with the Plum. 
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In bpite ol the apparent physiological union between the old stock and the 
newly- formed grow th, from a morphological standpoint they lead an altogethei 
separate and distinct existence In its structural character, foims of tissues, 
mode of secondaiy growth, formation of baik etc , each maintains its own individu- 
ality. In special cases it has been affirmed that they do mutually exert, morpho- 
logically, a modifying effect upon each other 'Giaft -hybrids). In practice several 
different methods of inserting cuttings are m use, but only the more important 
can be mentioned here. 

Grafting is the union of a shoot with a young and approximately equally- 
developed wild stock Both are cut obliquely with a clean suiface, placed 
togethei, and the junction j>rotected fiom the entrance of watei and fungi by 
means of grafting wax 

Cleft or tongue grafting is the insertion of weaker shoots m a strongei 
stock. Several shoots are usually placed in the cut stem of the stock, care being 
taken that the cambial region of the different portions are m contact, that the 
cortex of the shoots is m contact with that of the stock In other methods of 
grafting the cut end of the shoot is split longitudinally and the cut shoot inserted 
in the periphery, or a graft may be inserted m the coitex or m the side of the 
stock. In grafting in the cortex the flatly-cut shoot is inseited in the space cut 
between the baik and the splint wood (Fig 193, I) 

In lateral grafting, the shoot, aftei being cut down, is wedged into a lateial 
incision in the stock. 

A special kind of gratting is known as budding (Fig. 193, III). In this 
process a bud (“eye”) and not a twig is inseited tinder the hark of the stock. 
The “eye” is left attached to a shield -shaped piece of baik, which is easily 
separated from the wood when the plants contain sap. The bark of the stock is 
opened by a T -shaped cut, the “eye” inseited, and the whole tightly covered. 
Occasionally some of the wood may be detached with the shield- shaped piece of 
bark (budding with a woody shield;. In the ease of spi outing buds, the budding 
is made m spring, m dormant buds, which will sprout next year, m summer. 
Budding is especially used for loses and fruit-trees. 


The Phase of Elongation 

For the performance of their proper functions, the embryonic 
rudiments of the organs must complete their external development. 
They must unfold and enlarge. This subsequent enlargement of the 
embryonic organs of plants is accomplished m a peculiar and 
economical manner. While the organs of animals increase in size 
only by a corresponding increase of organic constructive material and 
by the formation of new cells rich in protoplasm, and thus require for 
their growth large supplies of food substance, plants attain the chief 
part of their enlargement by the absorption of water — that is, by the 
incorporation of an inorganic substance which is most abundantly 
supplied to them from without, and to obtain which no internal 
nutritive processes are first necessary. The elongation of a plant 
organ to its definite extension, whereby it is often enlarged a hundred 
or thousand fold, may be compared with the extension of certain animal 
organs by means of an influx of water, as, occurs m the case of the 
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Coelenterata or Echinodermata. When an ambulacra! foot of a star- 
fish or a sea-urchin is lengthened from a millimetre to several centi- 
metres by filling with water from the water-vascular system, the water 
has in this instance the same biological significance as m the elongation 
of the plant organs, except that in the latter case the process is not of 
repeated occurrence. 

The great advantage resulting from this easy method of enlarge- 
ment is apparent from a consideration of the importance of a large 
external surface for the nutrition of a plant. Assimilation is just so 
much the more productive, the larger the exposure of green surface, 
and the more accessible it is to the surrounding carbonic acid. In 
like manner, the superficial enlargement is exceedingly advantageous 
as regards the absorption of nourishment from the soil. It is accord- 
ingly of great economic value biologically that the growth through 
elongation is accomplished chiefly by the absorption of water. 

The absorption of water by living cells does not take place with the same 
rapidity and without mtenuption as in the case of porous bodies. Before the cells 
can take up additional water they must enlarge by actual processes of growth 
The water, penetrating the young cells by imbibition or by the force of osmotic 
pressure, is uniformly distributed thi ough the protoplasm, which fills the cell , 
in case the protoplasm is already abundantly supplied with water, it is instead 
accumulated in vacuoles (Fig. 50). As the vacuoles contain also organic and 
inoiganie mattei in solution, they exert an attractive force and give rise to further 
absorption of water The sap of the vacuoles would, m turn, soon be diluted and 
it-, attractive force diminished, were it not that the regulative activity of the proto- 
plasm soon provides for a eonespondmg increase of the dissolved salts, so that the 
concentration and attractive force of the sap are continually being restored or even 
increased. The separate vacuoles thus enlarged ultimately flow together into one 
large sap-eavity in the middle of the cell, while the protoplasm forms only a com- 
paratively thin layer on the cell walls, which now exhibit considerable surface- 
glow th. 

During this increase in the volume of the cell, the protoplasm has 
experienced but little augmentation of its substance, or other modifica- 
tion. The enlargement of the cell has been almost wholly produced 
by the increased volume of water in the sap cavity, which, Co dis- 
tinguish it from the “nutrient water , 55 “imbibition water , 55 and 
“constitution water 55 of the plant, may be designated “ inflation water . 55 

As is often observed with the occurrence of many vital phenomena, 
the rate of distension of the walls with the inflation water is not 
uniform, but begins slowly, increases to a maximum rapidity, 

AND THEN GRADUALLY DIMINISHING ALTOGETHER CEASES. As all 
the cells of equal age in an organ go through this process of inflation 
at the same time, the phenomena of increase and decrease in the rate 
of growth are apparent in the growth of the organ, and give rise to 
GRAND periods of growth. Minor periods, or fluctuations m the 
rate of growth, occurring within the grand periods, are due to irregu- 



SECT. II 


PHYSIOLOGY 


231 


larities in the swelling of the cells, occasioned by change of temperature, 
light and other influences operative on growth. 

The large amount of water absorbed by the growing organ m the process oi 
elongation does not lessen its rigidity, but, on the contrary, it is to the turgor 
thus maintained that the rigidity is due (cf. p. 165). Osmotic pressure seems 
also to take an important part in the growth of the cell wall itself. Cells in v hich 
the turgor is destroyed by a decrease in the water-supply exhibit no growth of 
their cell walls ; it is thus evident that the distension of the cell walls is physically 
essential for their surface-growth. This distension is m itself, however, by no 
means the cause of their growth ; the internal physiological conditions of the 
growth of the cell walls are dependent upon the vital activity of the living proto- 
plasm. Without the concurrent action of the protoplasm, there is no growth m 
even the most distended cell wall , on the contrary, active growth of the cell wall 
may take place with the existence of only a small degree of turgor tension. A 
CORRESPONDENCE BETWEEN THE TURGOR TENSION OI' THE CELL WALLS AND THE 
AMOUNT OF GROWTH CANNOT, UNDER THESE CONDITIONS, BE EXPECTED, nor Can, on 
the other hand, the conclusion be drawn that turgor tension is inoperative m the 
processes of growth The importance of the turgor tension is variously estimated, 
according to the conception of the manner m which the growth m substance of the 
cell walls takes place There have been for some time two conflicting theories m 
regard to this. According to one, the growth of the cell wall is due to the inter- 
polation of new particles of constructive material between the already existing 
pai tides of the cell- vail substance (intussusception); in the other theory, the 
assumption of the interpolation of new’ particles is disputed, and giowth m surface 
is attributed to the plastic (inelastic, not lesummg its original position) expansion 
of the distended cell w all. As in this case the growing membrane would continu- 
ally become thinner, its growth in thickness results from the repeated deposition 
of new layers (apposition) of substance on the internal surface of the original wall. 
It is, however, a question of purely theoietical interest, by which of the methods 
the growth of the cell membrane is effected m particular cases. While, in general, 
neither of these views is inconsistent with the external phenomena of growth, in 
some special cases intussusception, and in others apposition, seems to offer the 
more satisfactory explanation. It is, in fact, not impiobable that the growth of 
the cell walls is due to both PROCESSES. It is evident that at least some degree 
of turgor tension is necessary for the existence of this form of expansion. To support 
the theory of intussusception it has also been found necessary to suppose that the 
new particles are not interpolated until the spaces between the particles of the 
cell-wall substance has been enlarged by the distension of the wall itself. 

The process of elongation has so far been considered only in 
relation to the single cell, preparatory to the consideration of the 
phenomena presented by the growth of multicellular organs. 

The operations of growth in plant organs proceed very slowly ; so 
slowly as to be, in general, imperceptible. The stamens, however, of 
many Grammeae grow so rapidly that their elongation is evident, even 
to the naked eye. An increase in length of 1*8 mm. a minute has 
been observed in the stamens of Tnticum ("Wheat). This approximately 
corresponds to the rate of movement of the minute-hand of a watch. 
In comparison with it, the next known most rapidly growing organ 
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is the leaf-sheath of the Banana, which shows an elongation of 1 *1 mm., 
and a Bamboo shoot, an increase in length of 0’6 mm. per minute , 
while most other plants, even under favourable circumstances, attain but 
a small rate of elongation (0 005 mm. and less per minute). 

Iu order to measure the growth in length of a plant, it is customary to 
magnify m some way the actual elongation foi more convenient observation This 
may he effected by means of a microscope, which magnifies the rate of growth 
correspondingly with the distance grown. "With a high magnifying power the 
growing apex of a Fungus hypha seems to advance across the field of vision as if 
impelled by an invisible power. For large objects, the most convenient and usual 
method of determining the rate of growth is by means of an arxanometer. The 
principle of all auxanometers, howevei they may differ m construction, is the same, 



Fit. l‘<4 — Simple and belf regi^teimg auxaiiometer Fur description see text 


and is based upon the magnification of the rate of growth by means of a lever with 
a long and short arm. In Fig 194, at the left, a simple form of auxanometer is 
shown. The thread iastened to the top of the plant to be observed is passed over 
the movable pulley (/ j, and held taut by the weight (g), which should not*" be so 
heavy as to exert any strain on the plant To the pulley theie is attached a 
slendei pointer winch is twenty times as long as the radius of the pulley, and 
this indicates on the scale (S) the lapidity of the growth, magnified tw-enty-fold. 
By a growth m the length of the plant-stem of mm , the pointer would accord! 
iiigly register -1 imm 

Self-iegisteung auxanometers aie also used, especially in making extended 
obsei \ atiorrs. In Fig 194, at the light, is shown one of simple construction. The 
radius of the wheel {£) corresponds to the long aim, and the radius of the ama.n 
wheel ( /') to the short arm of the lever, m the preceding apparatus Any movement 
of the w heel, induced by the elongation of the shoot, and the consequent descent of 
the weight ( G\. is recorded on the i evolving drum (C) by the pointer attached to the 
weight ( Z), which is, in turn, balanced by the counterweight (7F) The drum is 
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coveied witli smoked papei, and kept in 1 otation by tht elock-woik {U . It tlie 
dium is set so that it rotates on it> axi^ once every hour, the perpendie dial 
distances between the tracings on the di um will indicate the piopoitional hourly 
growth. 

The grand periods m the growth of an organ due to the internal causes, are clearly 
shown by such self-iegistenng auxanometer^ by the gradual increase and final de- 
crease in the perpendiculai distances represent- 
ing the inclement of growth. Strehl found the X 1 JOT [j 

daily growth in length of a loot of Lupine, ex- j — l 

pressed m tenths of millimetres, to be 58, 70, 92, / / "X 

97, 165, 192, 158, 137, 122, 83, 91, 59, 25, 25, 8, 2 9 ' \ / \ 

o F01 the first internode of the stem, gi owing / / 

m the daik, the daily growth observed was * 8, ^ / f j 

9, II, 12, 35, 43, 41, 50, 51, 52, 65, 54, 43, 37, 28, J \ ' 

18, 6, 2, o. M \ J 

The grand penods of growth, that is, the \ A, 

gradual meiease from nil to a maximum, and \ \ j 
the succeeding decrease to nil again, are, how - V \ \ \ 

ever, not evident throughout the whole of a \ \ \ \ 

loot , duiing the growth in length only a small \ 1 \ \ 

portion of a root is actually, at one time, m ' 1 \ 

process of elongation In roots of land-plants 
the growing region extends over only about one j f 

centimetre of the extreme tip, often indeed | r ' 

over only 1 centimetre , w hile all the rest of the ^ J 

loot has already completed its growth m length. 

This may be made clear by marking off with 
mdia-mk, near the tip of a root, nairow' zones 
of equal width, which would thus 1 also be made 
up of cells of nearly equal size. In Fig 195, J, 

is shown a germinating Bean, Vicia Faba , w hose i- 

loot-tip has been niaiked in this way, Fig. V 

195, II, lepiesents the same root after 22 hours 

of growth. The marks have become sepal ated FiG ir ^ “ Unequal giowtli of different 
by the elongation of the diffeient zones, but m Jf The root . tip dmded b} markmg 

different degrees, according to their position. with mdia-mk into 10 zones, each 

The greatest elongation is shown by the trans- 1 mm long II, The same root aftei 

verse zone 3, from there the giow^th in length twenty -two hours, by the unequal 

, * . j ,1 ” growth of the diffeient zones the 

decrees towards the yonngei zones (2 and 1), ? mes ha%e become separated by 

as well as towards the older (4 to 10). This unequal distances (After Sachs) 

peculiar distribution of growth is but the xesult 

of the grand penods of giowtli of the cells m zones of different ages. In the 
nnllimetre-broad zones ol a root of Vicia Faba Sachs found, aftei twenty -four hours, 
that the increase in growth, expressed m tenth-milhnieties, w^as as follow’s : — 
Zones • I , II., Ill , IY , V., VI , VII., VIII , IX., X, XI 
Increase : 15, 5S, 82, 35, 16, 13, 5, 3, 2, 1, o. 

The elongating region m shoot axes is generally much longei than m loots, 
and usually extends over several centimetres, m special cases even over 50 or 
moie centimeties The distribution of the increase corresponds m stems, as m 
roots, wnth the grand periods of growth of the cells. Even by intercalary grow t th, 
where the region of elongation is not confined to the apex but occurs m any part of 


regions of the root-tip of Vicia Faba 
I, The root-tip divided bj marking 
with mdia-mk into 10 zones, each 
1 mm long II, The same root aftei 
twenty -two hours, by the unequal 
growth of the diffeient zones the 
lines lia\ e become separated by 
unequal distances (After Sachs ) 
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the organ, generally at its base (leaves and flower-stalks of many Monocotyledons), 
grand periods of growth are also apparent. A shoot of Phaseoltis mulfafiorus 
whieh wa» divided, from the tip downwards, into transverse zones 3 5 mm broad, 
showed m forty hours, according to Sachs, 

m zones . I , II., Ill, IV., Y , VI , VII., VIII., IX , X., XI., XII. 
an increase of 20, 25, 45, 65, 55, 30, 18, io, io, 5 , 5 , 5 

tenth-millimetres. 

This periodicity in the grow th m length occurs even when the external influences 
affecting growth remain unchanged, and is determined by internal causes alone 

External Influences upon Growth. — External factors often take 
an active part in the process of elongation, either as retarding or 
accelerating influences. As growth is itself a vital action, it is affected 
by any stimulus acting upon the protoplasm ; on the other hand, as it 
is also a physical function, it is modified by purely physical influences. 
Growth is particularly dependent upon temperature, light, moisture, the 
supply of oxygen, and the existence of internal pressure and tension. 

The INFLUENCE OF TEMPERATURE is manifested by the complete 
cessation of growth at a temperature less than 0° or higher than 
40 3 -50°. Between the minimum and maximum temperatures, at which 
growth ceases, there lies an optimum temperature (p. 163^ at which 
the rate of growth is greatest. This optimum temperature usually lies 
between 22° and 37° C. The three cardinal points of tempera- 
ture here given include a wide range, as they vary for different 
species and even for individual plants of the same species. In tropical 
plants the minimum temperature may be as high as + 10°C., while 
those of higher latitudes, where the first' plants of spring often grow 
through a covering of snow, as well as those of the higher Alps and 
polar regions, grow vigorously at a temperature but little above zero. 
In like manner, the optimum and maximum temperatures show great 
variation m different species of plants. The optimum does not usually 
lie in the middle between the minimum and maximum, but is nearer 
the maximum. 

The INFLUENCE OF light makes itself felt in a different manner from 
changes of temperature. Light as a general rule retards growth. This 
is apparent from observations on stems and roots grown in the dark; and 
is also true in regard to the growth of leaves, if the disturbing effects 
resulting from long-continued darkness he disregarded. Too great an 
intensity of light causes a cessation of the growth of an organ, while 
feeble illumination or darkness increases it. The effect of darkness 
upon the growth of plants is, however, differently manifested according 
to its duration, whether it be continuous, or interrupted, as in the 
changes of night and day. Long- continued darkness produces an 
abnormal growth, in that the growth of certain organs is unduly 
favoured, and of others greatly retarded, so that a plant grown 
altogether in the dark presents an abnormal appearance. The stems 
of Dicotyledons, in such case, become unusually elongated, also soft and 
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white in colour. The leaf-blades are small and of a yellow colour, 
and remain for a long time folded in the bud (Fig 196, E). A 
plant grown under such conditions is spoken of as “ etiolated ” 

This diminution m the size of the leaf-blades and the elongation of the stem 
(and leaf-stalks) are not manifested by all plants, nor under all circumstances. The 
stems, for instance, of certain Cacti are much shorter when grown m the dark than 
in the light Similarly, the leaves of varieties of the Beet {Beta) grow as large, 
or even larger, m the dark than m the light , this is 
also true, under conditions favourable to nutrition, of 
the leaves of other plants {Cucurbita) In the shade of 
a forest leaves often become larger than m full daylight. 

They are then proportionally thinner, and the palisade 
cells which, m leaves fully exposed to the light, are m 
close contact, become pointed below, and thus pioduce 
intercellular spaces between them. In this way the 
modifying influence of light of diminished intensity is 
apparent m the internal structure of such scotoplnlous 
leaves Flowers, however, if sufficient constructive 
material be provided by the assimilating leaves, dei elop, 
according to Sachs’ observations, as well m the dark as 
m the sunlight, except that they are sometimes palei in 
colour. If, however, the assimilatory activity of the 
green leaves be reduced or destroyed by depriving them 
of light, many plants, as Yochtixg found, form only 
inconspicuous or cleistogamous flower=. 

The tissues of etiolated stems and leaf-stalks 
are fuller of water and thinner-walled than in 
normally growing plants. Even the roots of 
such plants are often found to be less strongly 
developed. The supply of reserve material at 
the disposal of plants growing in the dark is 
utilised, together with the help of an unusual 
amount of inflation water, m the elongation of 
the axis. This elongation of the shoot axis, 
resulting from growth m darkness, is of especial 
value in the development of young plants from 
underground tubers, rhizomes, and seeds ; for PlG 190 _ Two seedlmgg of 
in this way the light is quickly reached, and smapis alba, of equal age 

they are the sooner capable of independent E > GrowrL m tbe 

nutntion. The advantage derived from a rapid dinary daylight, normal, 
elongation is especially apparent when the leaves 

must themselves reach the light by their own elongation. This is 
often necessary, particularly for the leaves of Monocotyledons, which 
spring from bulbs and rhizomes. They act just as the stems of 
Dicotyledons, and attain an abnormal length in the dark. 

From whayhas^Kgady been said it would seem that plants must 
grow more raiftdlv diMi^the night than day, and this is actually the 




236 


BOTANY 


PART I 


case where other conditions affecting growth remain the same by- 
night as by day. A too low temperature during the night may, how- 
ever, completely counteract the accelerating influence of darkness upon 
the growth 

Just as the rays of light of different wave-length and refrangi- 
bility were found to be of different value in the process of assimilation, 
so growth is by no means equal m differently-coloured light. It is to 
THE STRONGLY REFRACTIVE, SO-CALLED CHEMICAL, RAYS THAT THE 



Ff<. 10, Tno lpa\es of Rpnuueulu^ Pui&lni L, Au aerial leaf , W, a submerged water-leaf 

(After Goebel ) 

influence of light on growth is due : the red-yellow end of the 
spectrum acts upon many plants in the same manner as darkness. 

Moisture exerts a twofold influence upon growth It acts as a 
stimulus, and also, by diminishing transpiration, increases turgidity. 

Plants in damp situations are usually larger than those grown in dry peaces, 
and m fact may ditfer from them in their whole habit and mode of growth Direct 
contact with water seems frequently to exert a special influence upon the external 
form of plants Amphibious plants, that is, such as are capable of living both 
upon land and m water, often assume in Mater an entuely different form from that 
which they possess in air. This variation of form is particulaily manifested in the 
leaver, which, so long as they grow m water, are finely dissected, while in the air 
their leaf-blades are much broader (Fig 197) The leaf-stalks and internodes also 
often exhibit a very different form m air and water, and undergo the same abnormal 
elongation as in darkness. This is especially noticeable m submerged water-plants, 
whose organs must be brought to the surface of the water (young stems and leaf- 
stalk of Tmjpa iiatans, stem of Rtppiu is, leaf-stalk of JVymphaep, Nuphar, Hydro- 
elm ns). Such plants are enabled by this power of elongating their stems or leaf- 
stalks to adapt themselves to the depth of the water, remaining short m shallow 



SEC I II 


PHYSIOLOGY 


237 


water and becoming very long m deep water. The pressure of the water upon the 
tip of the growing organ, as well as the insufficient supply of oxygen, seem to act 
upon the growth, m this instance, as regulating stimuli. 

The great importance of free oxygen has already been alluded to in connection 
with respiration (p 219) TT ithout gaseous or dissolved oxygen in its immediate 
environment the growth of a plant entuely ceases 

Mechanical Influence — Pressure and traction exert a purely mechanical influ- 
ence upon growth, and also act at the same time as stimuli upon it. External 
pressure at first retards growth , it then, however, according to Pfeffeb, stimu- 
lates the protoplasm and occasions the distension of the elastic cell walls, and 
frequently also an increase of turgor. As a consequence of this increased 
turgor the counter -resistance to the external pressure is intensified. If the 
resistance of the body exerting the pressure cannot be o\ ercome, the plasticity 
of the cell walls renders possible a most intimate contact with it , thus, for 
instance, roots and root-hairs which penetiate a nairow canty so completely fill it 
that they seem to have been pom ed into it m a fluid state. It w ould be natural 
to suppose that the effect of such a tiaetive force as a pull would accelerate gioivtli 
in length, by aiding and sustaining turgor expansion. But the regulative control 
exeicised by the piotoplasm over the piocesses of growth is such that mechanical 
strain, as Hegleb has show u, acts upon grow th to retard it (except m the maximum 
of the giand periods} The elastic resistance and ngidity of cell walls ale m- 
ci eased by the action of a strain , such a strain may also induce the formation of 
collenchyma and scleienchyma which would not otherwise have been developed. 


The Internal Development of the Organs 

The internal development of the organs is only completed after 
they have finished their elongation and attained their ultimate size. 
They are then first enabled to fully exercise their special function. 
To this end cell cavities usually become more or less fused, and the cell 
walls thickened, often in a peculiar and characteristic manner (p. 7 5). 

In the case of plants equipped for a longer duration of life, a 
growth m thickness follows the growth in length (p. 119). 


Periodicity in Development, Duration of Life, and Continuity of 

the Embryonic Substance 

The periodically recurring changes in the determinative external 
influence, especially in light and temperature, occasioned by the alter- 
nations of day and night and of the seasons, cause corresponding 
periodical variations in the growth of plants. These variations do 
not follow passively every change in the condition of the external 
influences. On the contrary, the internal vital processes of plants so 
accommodate themselves to a regular periodicity that they continue 
for a time their customary mode of growth, independently of any 
external change. The nightly increase of growth, which is especially 
noticeable after midnight in the curve of growth, and the retardation of 
growth, specially marked after mid-day, will continue to be exhibited 
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for some time in prolonged darkness when the temperature remains 
constant, thus under these conditions Eehanthus tubeiosus has been 
observed to continue its regular DAILY PERIODS for two weeks, affording 
an example of the inexplicable occurrence of so-called after-effects, 
which are frequently mentioned in a later chapter 

Still greater is the influence exerted on the life of plants by the 
alternation of winter and summer, which in the plants of the colder 
zones has rendered necessary a well-marked winter rest. This is not 
m reality an absolute rest ; for although the outwardly visible pro- 
cesses of development and growth stand still, the internal vital pro- 
cesses, although retarded, never altogether cease. 

The annual periods of growth occasioned by climatic changes, which are ren- 
deied so noticeable by the falling of the leaves in the autumn, and the develop- 
ment of new shoots and leaves in the spring, have stamped themselves so indelibly 
upon the life of the trees and shrubs of the temperate zones, that, when culti- 
vated in tropical lands where other plants are green throughout the year and 
blossom and bear fruit, they continue to lose their leaves and pass for a short time 
at least into a stage of rest. The Oak and Beech have become so habituated to 
this annual periodicity that they never depart from it ; other trees again gradually 
accustom themselves to the new conditions, as the Cherry and Peach, for instance, 
which m Ceylon have become evergreen trees. The Peach is reported to produce 
flowers and fruit throughout the entire year ; while the Cherry, like many other 
trees of the temperate zone, ceases altogether to bear flowers m tropical climates. 
It is due to a similar habituation to an annual periodicity that m some cases it is 
so difficult, or even altogether impossible, to induce plants by artificial culture to 
flower out of season. The behaviour of different species also varies m this respect ; 
in general, those flow er» accommodate themselves best to forcing which, like the 
Hyacinth, Crocus, Tulip, Syringa, and Cornus mas, naturally flower early That 
the internal vital processes are not promoted by artificial heat to the same extent 
as giowth m length, is at once perceptible from the abnormal appearance of ma ny 
forced plants whose leaves and flow ers do not attain their full development (the 
flowers of the Lily of the Yalley, when foiced artificially, develop even before the 
leaves). 

Low temperature, especially frost, is often of advantage m the preparatory 
\ ltal processes during the period of rest , this is made evident by the accelerated 
tiansformation of the reserve material, and by the active growth in spring 

Although to so many plants winter is the season of rest and cessation from 
giowth, other plants, c.g certain Lichens and Mosses, seem to find m the warmer 
days of w inter the most fa\ ourahle conditions of vegetation ; and m summer, on 
the contrary, either do not grow’ at all or only very little. Similaily, many spung 
plants attain their highest development, not m summer, hut during the variable 
weathei of March and April, and, for the most part, they have entered upon their 
lest period when the summer \ egetation is just awakening 

In counti les where there aie alternate rainy and dry periods, the latter generally 
cones pond to the winter period of vegetative rest. 

Duiatiun of Plant Life — The life of a plant, during tbe whole of 
its development, from its germination to its death, is dependent upon 
external and internal conditions. In the case of the lower vegetable 
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organisms, such as Algae and Fungi, their whole existence may be 
completed within a few days or even hours, and indeed some of the 
higher herbaceous plants last only for a few weeks, while the 
persistent shrubs and trees, on the other hand, may live for thousands 
of years. 

After the formation of the seeds, there occurs in many plants a 
cessation of their developmental processes, and such a complete 
exhaustion of vitality that death ensues Such an organic termination 
of the period of life occurs in our annual summer plants, but also 
takes place with plants m which the preparatory processes for the 
formation of fruit have extended over two or more years, as in the 
case of the 10 to 40 -year- old Agave, which, after the formation of 
its stately inflorescence, dies of exhaustion. In plants, on the other 
hand, which in addition to the production of flowers and fruit accu- 
mulate also a reserve of organic substance, and, with their reproductive 
organs, form also new growing points, life does not cease with the 
production of the seeds. Such plants possess within themselves the 
power of unlimited life, the duration of which may only be terminated 
by unfavourable external conditions, the ravages of parasites, injuries 
from wind, and other causes. 

The longevity of trees having an historical interest is naturally 
best known and most celebrated, although, no doubt, the age of many 
other trees, still living, dates back far beyond historical times. 

The celebrated Lime of Iseustadt in Wurtemberg is between S00 and 1000 
years old , the age of the Fir of Beque is estimated at 1200 years, and a Yew in 
Braburn (Kent) is at least as old. A stem of a Sequoia in the British Museum 
has, with 1330 annual rings, a diameter of 4 5 m , and, according to Cakkttthees, 
must ha\e originally been 28 5 m in circumference An Aclansoma at Cape Verde, 
whose stem is 8-9 m. m diameter, and a "Water Cypress, near Oaxaca, Mexico, are 
also well-known examples of old tiees Of an equally astonishing age must have 
been the celebrated Dragon-tree of Orotava, which w r as overturned m a storm in 
1868, and afterwaids destroyed by fire The lower plants also may attain a great 
age ; the apically growing mosses of the calcified Gy hinos Ionium clumps, and the 
stems of the Sphagnaceae, metie-deep in a peat -bog, must certainly continue to live 
for reftny hundred years. 

In thus referring to the ages of these giant plants, it must not 
be understood that all the cells remain living for so long a time, 
hut rather that new organs and tissues are developed, which continue 
the life of the whole organism. All that is actually visible of a 
thousand-year-old Oak is at most hut a few years old. The older 
parts are dead, and are either concealed within the tree, as the pith 
and wood, or have been discarded like the primary cortex. The cells 
of the original growing point have alone remained the whole time 
alive. They continue their growth and cell division so long as the tree 
exists ; while the cells of the fundamental tissue arising from them, 
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and destined for particular purposes, all lose their vitality after a 
longer or shorter performance of their functions. 

The cells of the ioot-hairo often, live foi only a few days , the same is also true 
of the glandular cell-, and trichomes of stems and leaves The vv ood and bast fibres, 
a-> also the bek-renchymatous cells, lo-,e their In mg piotoplasm after a short time 
Entue oigans of long-lived plants have frequently but a shoit existence, the 
sepak, petal*, and stamens, for example. The toliage leaves, also, of deciduous 
trees live only a leu summer months and then, after being partly emptied of their 
contents, are disc aided 

Befoie the falling ot leaves a separative layer is fiist formed m the elongating 
leaf-ba-e > p. 143), while a layer of cork, foimed either before or after the leaf- 
fail, closes the leaf-scar. The formation of ice m the absciss layer, as may easily 
be oWivt-d alter the first frost, facilitates the separation of the leaf from the 
stem. The leaves even of evergreen plants continue living but a few yeais, before 
they too tall off. Small twigs, especially of Conifers, are also subject to the same 
fate. 

The cells of the medullary rays atford the best examples of long-lived cells con- 
stituting permanent tissues. In many trees, as in the Beech, living medullary 
ray cells ovei a liundied yeais old have been found, although, lor the most part, 
they live only about fifty yeais 

Continuity of the Enthyomc Substance . — "While the cells of the 
permanent tissue have thus but a limited activity, the vitality of 
the embryonal tissues is unlimited, and never terminates from natural 
causes. From such embryonal tissue the growing points of perennial 
plants are formed, and the growing points of their descendants, as 
Sachs has pointed out, are also derived from it, through the substance 
of the sexual cells. The embryonic substance does not change, it 
produces new individuals, which live but a short time, but is itself 
perpetuated in their offspring ; it continues always productive, always 
rejuvenescent and regenerative. The thousands and thousands of 
generations which have arisen during the past ages were its products ; 
it continues living in the youngest generations with a capacity for 
production still unabated and undimmished. The single organism is 
perishable; its embryonic substance, however, is imperishable and 
unchangeable, and continually gives rise to new tissues. Considered 
from this standpoint, the difference between short- and long-lived 
plants, between annual herbs and thousand-year-old trees, appears in 
quite another aspect. From the embryonic substance of the oldest 
trees there are produced, each year, new leaves and shoots, which 
however, remain united with the dead remains of former years. In 
annual herbs, on the other hand, the embryonic substance in the 
embryo becomes separated each year from the dead plant, and develop- 
ing new leaves, stems, and roots, forms a completely new individual 

The old and well-known maxim of Harvey’s, “Omne vivum ex 
ovo,’’ is, in other words, only the expression of the principle of the con- 
tinuity of the embryonic substances. And similar to it, in its continual 
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vitality and organic imperishability, is the substance of the lowest 
unicellular organisms, continually reproducing themselves by dm si on 
and ever changing into new* individuals 


V. The Phenomena of Movement 

In every living organism there is constantly occurring m the 
course of the metabolic processes an active movement and transposi- 
tion of substance. As these movements are for the most part 
molecular they are generally imperceptible ; but that they actually 
take place is demonstrated with absolute certainty by the local 
accumulation and diminution of substance, shown both by weighing 
and by the results of chemical analysis. 

There are also other forms of movement which play an important 
part in the physiology of every organism, and on which its vital 
processes are to a laige extent dependent : these are the movements 
due to heat and the related conditions of vibration resulting from 
light, electricity, etc. 

Apart from the movements of this class, v’hich may take place 
within organisms which, externally, are apparently at rest, there occur 
also in plants actual CHANGES IN POSITION, externally noticeable but 
usually of gradual operation , yet in special cases they may involve 
rapid motion. These movements may be carried on either by the 
whole plant or by single organs. Reference is here made only to the 
SPONTANEOUS MOVEMENT resulting from the activity of a plant organism 
itself; and this should not be confused with the passive movements 
due to externally operating mechanical agencies, such as water and 
wind, which, although they have a certain importance for plant life, 
w'ill not be here considered. 

Protoplasm itself is capable of different movements Naked 
protoplasmic bodies almost always show slow movements resulting m a 
gradual change of position ; but cells enclosed by cell walls possess also 
the power of independent locomotion, often indeed to a considerable 
extent. Multicellular plants, however, as a rule ultimately attach 
themselves, by means of roots or other organs, to the place of germina- 
tion, and so lose for ever their power of locomotion, except in so far 
as it results from growth. A gradual change m position due to 
growth is apparent in plants provided with rhizomes, the apical ex- 
tremities of which are continually growing forward, while the older 
portions gradually die off A yearly elongation of 5 cm. in the 
apical growth of the rhizomes would result, in twenty years, in 
moving the plant a distance of one metre from its original position. 
A seedling of Cuscuta in its search for a host plant illustrates the power 
of maintaining, for a time, a creeping movement over the surface of 
the soil, a growing Caulerpa (Fig 250) likewise exhibits m the course 
of years a similar advancing movement. In addition to these move- 
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ments, occasioned by a growth in length, plants firmly established in 
the soil possess also the power of changing the position and direction 
of their organs by means of curvature and rotation. In this way 
the organs are brought into positions necessary or advantageous for the 
performance of their function. By this means, for example, the stems 
are directed upwards, the roots downwards ; the upper sides of the 
leaves turned towards the light; climbing plants twined about a 
support, and the stems of seedlings so bent that they break through 
the soil without injury to the young leaves. 


Movements of Naked Protoplasts 


The creeping movements of naked protoplasts, such as are shown 
by an amceba or plasmodium, in the protrusion, from one or more 
sides, of protuberances which ultimately draw after them the whole 



Fig 1^ — Amu boid movement The 
arrow & indicate the dneetion and 


protoplasmic body, or are themselves 
again drawn in (Fig. 198), are distin- 
guished as AMOEBOID movements These 
movements resemble, externally, the 
motion of a drop of some viscid fluid on 
a surface to which it does not adhere, and 
are chiefly due, according to Berthold, to 
superficial tension, which the protoplasm 
can at different points increase or d im i nis h, 
by means of its quality of irritability. 
(By means of irregular changes of surface- 
tension similar amoeboid movements are 
also exhibited by drops of lifeless fluids.) 
In the swimming movements by 


vnvn;} of the mu\ ement, the crosses 
the ]<owU at rest At the time 
hent-j; the pimcipal mo\ement i& 
limn H tn T, Dut at any moment it 
may be tow aids R or L, and so 
change the direction of the course 
taken b> the amceba 


means OF cilia, on the contrary, the 
whole protoplasmic body is not involved, 
but it possesses special organs of motion 
in the form of whip-like flagella or 
cilia These may be one, two, four 


or more in number, and arranged m 
various ways (Figs. 69, 70) They move very rapidly in the water 
and impart considerable velocity to the protoplast, often giving it at 
the same time a rotatory movement. While the swiftest ship requires 
10-15 seconds to travel a distance equal to its own length, the velocity 
with which these protoplasmic bodies are impelled by their cilia, in a 
second, is two or three times their length, although, owing to their 
dimiuutrv e size, the distance travelled by them in an hour would 
amount to only about a metre. The protoplasmic body is conveyed 
by the motion of the cilia m a definite direction, which is so regulated 
by the action of stimuli that it may he instantly changed. In this 
way the direction and velocity of the ciliary movements are made 
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serviceable to the protoplasmic organisms through the m liability of 
the protoplasm. Gravity and light, certain substance 3 in solution, 
and mechanical hindrances are the principal influences which regulate 
the movements of free -swimming protoplasmic bodies and cells. 
The direction of the movements of the swarm -spores of Algae are 
chiefly determined by the light. So long as they remain in darkness 
they move thiough the water in all directions , but as soon as they are 
illuminated from one side only, a definite direction in their movements 
is perceptible. They move either straight towards the light or turn 
directly away from its source. Their retrogressive movements from 
the light occur either m case of too intense illumination, or at a certain 
age, or through some unknown disturbing irritation. The advantage 
of such heliotactic MOVEMENTS (phototaetie) is at once apparent when 
the part taken by the swarm-spore in the life of an Alga is considered. 
In order to provide for the future nutrition of the stationary Alga 
into which it afterwards develops, it must seek the light If a point 
with suitable (that is, not too intense and not too weak) illumination 
be attained, then the swarm-spore must attach itself by the end winch 
carries the cilia to do this it must turn itself from the light towards a 
dark object On the other band, as the swarm-spores do not come to 
rest at all in absolute darkness, but swim continuously until thoroughly 
exhausted, the possibility of their attaching themselves in a spot devoid 
of light is excluded, and where the new plant could not assimilate. 

The siv Arm-spores of water Fungi and motile Bacteria, according to 
Pfeffer’s investigations, are chiefly influenced m their movements by 
the unequal distribution of dissolved, solid, or gaseous matter (oxygen) 
in their environment. According to their momentary requirements and 
their sensitiveness to stimuli, they move either towards or away from 
the points of highest concentration. 

As the result of similar chemotactic MOVEMENTS spermatozoids 
approach the female sexual organs. Pfeffer has demonstrated that the 
spermatozoids of Ferns are enticed into the long necks of the archegonia 
by means of malic acid* while the archegonia of the Mosses attract the 
spermatozoids by a solution of cane-sugar In such cases an extremely 
small quantity of dissolved substance is often a sufficient stimulus to call 
forth active chemotactic movements , a 0 001 per cent solution of malic 
acid suffices for the attraction of Fern spermatozoids. The movements 
of amoebae and plasmodia are similarly induced by external influences. 
These naked protoplasts live not only m water (amoebae), but also 
in moist substrata (plasmodia, amoebae), and seem to possess the 
power of seeking out situations with more moisture, or of avoiding 
them (before the formation of spores) : their movements are also 
influenced by the direction of currents in the water (rheotaxis). In 
cases where cells enclosed by cell walls (Sphaerellu phuialis) swim freely 
about by means of cilia, the cilia spring from the protoplasm and 
pierce the cell walls. 
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Diatom*. and Df^nncU exhibit quite a difteient dab's of movements The 
Dutoiu*i ylid< along, usualh m .1 line vith their longitudinal axes, and change 
tlie direction of then movements by oseillatoiy motions Fiom the manner in 
which small jai titles in their neighboui hood are set in motion, it was concluded 
that st i* ci.il oig.uis fit motion piobably protrude, like jiseudopodia, thiongh openings 
in tbt 11 hard "lhcitied sbc-11 ; -while more xecently, in a few instances, Hauptfleisch 
lias been able to u-ndei Msible tlie piotoplasmic motile organs. The protrusion of a 
transparent tinea 1 of muulagmons matter is claimed to have been seen by Butschli 
and Lax. tliuu tux in the case nt a large Diatom v Inch propelled itself by this means 
Tins means oflocomotion lesembles that of the nearly related Desmids, which, it 
has been shown, maintain their peculiar movements with the help of a similai 
nnieilagmous piutiusion The pendulous advancing movements of the filamentous 
Ofithit toe and Spu ul ante aie also said to be dependent upon similar mucilaginous 
exudations Tin mechanism of the movements of Spirogyra is still unexplained. 


The Movements of Protoplasm within Walled Cells 

Although plants which are firmly attached and stationary exhibit 
no such locomotory movements, the protoplasm within their cells does 
possess a power of movement Such internal protoplasmic movements 
are especially active in the non-cellular Sipliomne, in the elongated 
mternodal cells of the Chantceae (Fig 167), and often in the hairs of 
many plants, as well as in the leaf-cells of some aquatic plants The 
active protoplasmic currents in Caule/pa move along its outer walls and 
around the internal cellulose bands, stretching from wall to wall m the 
manner of an immense imprisoned plasmodium. 

The three following different forms of protoplasmic movement 
within cell cavities may be distinguished circulation, rotation, 
and ORIENTATION. 

In the case of circulatory movement the different currents of 
protoplasm, although often quite close together, flow in different 
directions. This motion is seen most frequently in cells of which the 
nucleus is suspended in the centre of the cell cavity by means of 
protoplasmic threads In these threads continuous protoplasmic 
currents flowing towards and away from the nucleus connect the 
protoplasm enveloping it with the protoplasm clothing the cell wall 
(Fig 53). Sometimes, even m extremely fine threads of protoplasm, 
two currents may be seen to pass each other (e g. in the stamens of 
TracUbcantla, the stinging hairs of Urhca, and the bristles of Cumibita) 

In the rotatory movement the protoplasm moves along the 
cell wall m one direction only, dragging with it the nucleus and often 
also the chlorophyll grains. In an elongated cell, m which the rotation 
usually takes place m the direction of the longitudinal axis, as the 
protoplasm forms one united body, there must be a strip of immovable 
protoplasm which separates the rotating masses This stationary 
part is termed the neutral or interference zone. The rapidity 
of the movement diminishes towards the cell wall, and the layer of 
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protoplasm directly contiguous to the cell wall is not m motion. The 
rotatory moxements are easily seen in Cfah** and XtUJht, where they 
take a spiral course, and they are also very energetic in the cells of the 
leaves of Elotlea canadnms and of mi fipuahs, and also in the 

root-hairs of Hydruchm u motors / nto*e and Tnouvt 

The cause of these movements, which may take di tit rent directions m adjoining 
cells, and may also continue after the piotoplasm ha-* been drawn away from the 
cell walls by plasmolysis (p 166), is not yet unelei stood It i->, however, known 
that the continuance and activity of such protoplasmic movements, the existence of 
which ivas fii.st obseived by Colin m 1772, and later rtdiscovcied by Tkevirantts 
m ISO 7, are dependent on factors which, m gmeidl, support anrl promote the vital 
activity , while the presence of fiee oxygen and propel conditions of temperature 
seem to be particularly fa\ouiable to them Through the studj o i sections m the 
cells of which cun ents had been induced m the piotoplasm, by the injuries sustained 
m their pieparation and by other abnormal conditions, grave errors ha^e arisen 
concerning the existence of such protoplasmic increments m cells, m which under 
normal conditions they cannot be observed The presence of protoplasmic currents 
m a cell may, m fact, indicate either an tneigetic vital activity, or, on the other 
hand, be merely a symptom of a pathological or at lea-t, ot an excited condition of 
the piotoplasm 

The movements of orientation of the protoplasmic body do not 
proceed in the same uninterrupted manner as the circulatory and 
rotatory movements. They are also usually so gradual as to be only 
recognisable through their operations. They are induced by changes 
in the external influences, especially as regards the intensity of the 
light, and result in producing a definite position of the protoplasmic 
bodies, as, for example, the orientation of the chlorophyll grains with 
regard to the light. 

Movements of this kind have been most frequently obseived m Algae, m sub- 
merged Duckweed {Lenina ttisulcrt), m the prothallia of Ferns and Mosses ; but 
similar movements can also be observed m the higher plants 

In the cells of the filamentous Alga Me^ocarpus, the chloroplasts, in 
the form of a single plate suspended length-wise in each cell, turn 
upon their longitudinal axes according to the direction and intensity 
of the light In light of moderate intensity, according to Stahl’s 
observations, they place themselves transversely to the source of light, 
so that they are fully illuminated (transverse position) ; when, on the 
other hand, they are exposed to direct sunlight, the chlorophyll plates 
are so turned that their edges are directed towards the source of light 
(profile position). A similar protection of the chloroplasts against too 
intense light, and their direct exposure, on the other hand, to more 
moderate illumination, is accomplished, where they are of a different 
form and more numerous, b}’ their different disposition relative to the 
cell walls In moderate light the chlorophyll bodies are crowded 
along the walls, which are transverse to the direction of the rays of 
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lif'ht (Fig. 190, T). They quickly pass over to the walls parallel to 

the rays of light, however, as soon 
Y y as the light becomes too intense, 

— — and so retreat as far as possible from 

its action (Fig 199, S ). In darkness 
or m weak light the chloroplasts group 
77 themselves in still a third way (Fig 
199, N), the advantage of which is not 
altogether clear. 

The form of the chlorophyll bodies 
themselves undergoes modification dur- 
T I ing changes in their illumination ; in 

— -j — r — r — > — ^ — y — y — r- moderate light they become flattened, 

while in light of greater intensity they 
If H H are rounded and thicker. 

"V As a special mode of protection against 

H jff |p too intense light, the chloroplasts of the 

| — \~J v- Siphoaccie (and the same thing is observed 

A — -h — > — * — ^ ^ — * — in many plants) become balled together m 

separate clumps In conespondenee with 
__ the changes m the position of the chloro- 

CHI T T"" '!' T~ plasts, the colouring of green oigans natur- 
""'Jr'”” a fiy becomes modified In direct sunshine 
A ik rir they appear lighter, m diffused light a 

JJ darker green The attention of Sachs was 

2 v % first ca ^ e( ^ phenomena of the move- 

% l[| ments of the chloroplasts, by the accidental 

^ obseivation that the shadow of a thermo - 

meter was repiesented m dark green on a 

Flo 109 — % arj mg positions taken b> leaf otherwise dnectly illuminated by the 
the chlorophyll grams m the cells of 
Irmua trt'tth't* in illumination of dii- feUU 

ferent intensity. T, in diffuse day’- "Wounds and one-sided cell-wall thicken- 
li^ht, >, m direct sunlight, N, at mgs likewise give use to orientation move- 
night The arrons indicate the direc- ments, as they occasion a crowding together 
tion of the light (After Stahl ) on one gl( j e nuc J eus arL( J pxotoplasm. 


Movements producing* Curvature 

The movements of the organs of stationary plants, unicellular as 
well as multicellular, are accomplished by means of curvatures. In an 
organ that has grown m a straight line the longitudinal sides are all of 
equal length ; in an organ that is curved, however, the concave side is 
necessarily shorter than the convex side. When, accordingly, the 
opposite sides of a pliable organ become of unequal length, the organ 
must curve toward the shorter side (Fig. 168). Inequality in the 
length of the opposite sides may result from various causes A 
curvature occurs if the length of one side remains constant, while the 
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opposite side becomes shorter or longer, and also from the unequal 
elongation or contraction of both sides, and similarly from the eloncra- 
tion of one side and the contraction of the other. 

Such curvatures most frequently occur m plants as a consequence 
of unequal growth More rarely they are due to the different length 
of the opposite sides, resulting from unequal turgor tension. This is 
principally the case in fully-grown organs, as in leaf-cushions (p. 26S) 
and stamens. A third source of curvature is found in the unequal 
amount of water taken up by imbibition, and the consequent unequal 
distension of the cell walls on the opposite sides of an organ. 


1. Hygroseopie Curvatures (Imbibition Movements) 

As the cell walls of actively living cells are always completely 
saturated with imbibition -water, hygroscopic curvatures are exhibited 
only by dry and, for the most part, 
dead tissues; although occasionally 
they also take place m living tissues 
which can endure desiccation without 
injury, as in the cases of Mosses, 

Lichens, and Selayinella lejndophylla 
(p. 179) The hygroscopic move- 
ments m any case, however, are due 
to the physical properties of the cell 
walls, and have no direct connection 
with the vital processes, except m 
so far as the capacity of cell walls 
to swell and take up large quanti- 
ties of imbibition water is due to 
the protoplasm by which they were 
formed. The activity of the proto- 
plasm m the formation of the cell 
walls is likewise manifested in their 
anatomical structure, m their strati- 
fication and striation, and in the 
position of the pits, as well as in 
the arrangement and disposition of 
the cells themselves 

The absorption of imbibition 
water by cell walls is accompanied J. JS 

by an increase in their volume, and fig. 200 —Fruit of Erodtma g t umum a, m 
conversely the volume of the cell ^ m01ht ^ 

walls is diminished by the evaporation 

of the imbibition water. Accordingly, whenever unequal amounts of 
water are held by the cell walls on the different sides of an organ, either 
through unequal absorption or evaporation, hygroscopic movements 
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are produced, which result in the curvature of the organs. In many 
cases the organs of plants are especially adapted to such movements, 
by means of which, m fact, important operations are often accom- 
plished, as, for example, the dehiscence of seed-vessels and the dis- 
semination and burial of seeds 

The ruptun* of ripe heed-vessels, as well as their dehiscence by the opening of 
special apertures Pupaier, Lychiits, Atifii i"JtniUni, etc ), is a consequence of the 
unequal contrat t:on of the cell walls due to desiccation. At the same time, 
thiough the sudden relaxation of the tension, the seeds aie often shot out to 
a great distance i v Tneoccae, etc. ). In certain fruits not only curvatures but torsions 
ate produced as the 1 esult of changes m the amount of water they contain, e.g. 
Ei t»? mill ''it'ii ' t> uni 'Fig 200;, Stijin peanut a, Aicao, sterihs, by means of which, m 
conjunction with their stiff barb-like hans, the seeds bury themselves m the earth 

The opening and closing of the involucre of many Coinpositcie [Engeron, Carhna, 
etc ) at the time of the ripening of the seeds, and the changes in the position of the 
pappus-hans {Thhmociihi, Tragopogon, etc ), aiealso due to hygroscopic movements 
1 esultmg fi om \ ariations m the amount of moisture m the atmosphere In dry 
weather the pappus is spread out in the foim of an umbrella, but in wet weather it 
closes up. The opening of anthers and sporangia, the rupture of moss-capsules, 
and the dissemination of the spores of the Equisetaceae, Hepaticcte, and Mgxomycei.cs, 
are also effected by similar movements. Anthers and sporangia possess peculiarly 
thickened cells (fibrous cells, annulus), by the contraction of which their dehiscence 
is produced. The opening of the moss-sporangium is, m like manner, due to the 
hygroscopic movements of the teeth of the peristome, while the sporangia of the 
Liverworts are provided with specially thickened spiral bands (elaters), udiich, like 
the capilhtia of the Myxouiycdcs , effect the discharge of the spores. In the case 
of the Eg m setae- ae the outer walls of the spoies themselves (the pennnmi) take 
the form of four arms, which, like elaters, are capable of active movements, by 
means of which numbeis of spores become massed together before germinating, and 
the isolation of the dicecious protliallia prevented. 

In order to call forth imbibition movements the actual presence of liquid water 
is not necessary ; for, through their hygroscopicity, cell walls have the pow'er of 
absorbing moisture fiom the air. They are hygroscopic, and for this reason the 
ensuing movements aie also often teimed liygi oscopic movements 

2. Growth Curvatures 

Movements from which curvatures result are, for the most part, 
produced by the unequal growth of living organs. The unequal 
growth is due, partly to internal causes which are still undetermined, 
and partly to the operation of external influences which can be posi- 
tively demonstrated and defined. The movements resulting m the 
first case are spontaneous, and are called AUTONOMIC movements or 
nutations, in the second case the movements are the result of 
external stimuli, and are distinguished as irritable or PARATONIC 
movements. 

Autonomic Movements are most plainly apparent in young 
actively-growing organs, although nutations have been shown to be 
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exhibited by all growing plants, as their tips do not grow forward in 
a straight line, but, instead, describe irregular elliptical turves. These 
movements, which Darwin termed ctrcumnutatioxs, while often not 
perceptible to the eye, are very noticeable m some special oigans. 
The unfolding of most leaf and flower buds, for example, is a nutation 
movement which, in this instance, is induced by the more vigorous 
growth of the inner side of the young leaves The same unequal 
growth manifests itself most noticeablv in the leaves of Ferns and 
many Cycucleoe In the same manner, movements of nutation are 
caused m other lateral organs when growth is more energetic on either 
the upper side (epinasty) or on the lower side (hypo nasty). From 
the nutation of the shoots of Am^elopsh quinine folia a curvature is 
produced which continuously advances with the increased growth ; so 
that, by means of its hooked extremity, a shoot is better enabled to seek 
out and cling to a support. When the unequal growth is not confined 
to one side, but occurs alternately on different sides of an organ, the 
nutations which result seem even more remarkable. Such movements 
are particularly apparent in the flower-stalk of an Onion or of Yucca 
filamentosa , which, although finally erect, in a half-grown state often 
curves over so that its tip touches the ground. This extreme curvature 
is not, however, of long duration, and the flower-stalk soon becomes 
erect again and bends in another direction. Thm and greatly elon- 
gated organs must, from purely physical reasons, quickly respond to the 
effects of unequal growth. The thread-like tendrils of many climbing 
plants, so long as they are m a state of active growth, afford excellent 
objects for the observation of nutation movements. If the line of 
greatest growth advances in a definite direction around the stem, its 
apex will exhibit similar rotatory movements (revolving nutation). 
This form of nutation is characteristic of the tendrils and shoots of 
climbing plants, and renders possible their peculiar mode of growth. 
The SO-CALLED REVOLVING NUTATION OF TWINING PLANTS is not an 
AUTONOMIC MOVEMENT, and will be considered later with the 
paratonic movements. 

Paratonic Movements. — The phenomena of paratonic movements 
are dF the very greatest importance to plant life, for through their 
operations the organs of plants first assume such positions in the air, or 
water, or in the earth as are necessary for the performance of their vital 
functions. A green plant which spread its roots over the surface and 
unfolded its leaves below ground could not exist, even though all 
its members possessed the best anatomical structure The strongest 
roots would become dried up without the necessary absorption of 
water, and the leaves could not assimilate in the dark The organisa- 
tion and specific functions can have effect only when the root 
penetrates the soil. Similarly, the leaves are efficient only when 
exposed to air and light. Seeds are not always so deposited in the 
soil, with the embryonal stem directed upwards and the* radicle down- 
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wards, that their different organs can, merely by direct growth, attain 
at once their proper position A gardener does not take the trouble 
to ascertain, in sowing seed, if the end which produces the root is 
directed downwards or the stem end upwards, he knows that in any 
position the roots grow into the ground and the stems push themselves 
above the surface Plants must accordingly have m themselves the 
power of placing their organs in positions best adapted to the condi- 
tions of their environment. That is only possible, however, when the 
externally operative forces and substances can so influence the growth 
of a plant that it is constrained to take certain definite directions. 

The same external influences excite different organs to assume 
quite diffeient positions. Through the influence of gravity, the tap- 
root grows directly downwards m the soil, while the lateral roots take 
a more or less diagonal direction. The main stem grows perpendi- 
cularly upwards ; it, like the primary root, is ORTHOTROPIC. The lateral 
branches, on the other hand, just as the secondary roots, assume an 
inclined position and are plagiotropic. The apical extremities of 
shoots are constrained to seek the source of light ; the leaves, on the 
contrary, under the same influence place their surfaces transversely to 
the direction of the rays of light. 

The different positions assumed by an organ when acted upon 
by external influences has been termed by Sachs anisotropy. In 
addition to the purely morphological structure of the plant body, 
anisotropy also determines essentially its external form and appearance. 

That all these paratonic movements cannot result merely from the 
action of external forces alone will be at once recognised if it be taken 
into consideration that anisotropic but in other respects similar 
organs are affected differently by the same influences, and that even 
the same organs react differently at different ages , and that, moreover, 
the external forces produce effects which bear no relation to their 
usual physical and chemical operations. It will, on the contrary, be 
at once apparent that they are rather the result of definite processes 
of grow th, arising from an irritability to stimuli induced by external 
influences (cf. p 161 ). 

In order that external influences may produce such stimuli, 
plants must be sensitive to stimuli, that is, the stimuli must produce 
m them certain modifications with which, in turn, certain definite vital 
actions are connected. The precise manner in which an external influ- 
ence produces an internal stimulation within an organism is not at 
present known. In order that an external physical force can operate as 
a stimulus, there must exist within the living substance definite struc- 
tures or organs which are influenced by it. When the position of an 
organ is dependent upon the direction of an external influence, its 
sensitive structure must possess polarity. But for such a polar struc- 
ture to be of any effect, it must have a definite orientation ; so it is 
necessary to assume that the directive stimuli are received by 
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THE RESTING PORTIONS OF THE PROTOPLASM, THAT IS, BY THE SURFACE 
layer. Tiie movements of growth occasioned l>y external stimuli are, 
for the most part, movements in response to directive stimuli which 
lead to a definite position of the organ, relatively to the direction of 
the operative influence. The principal external stimuli that come into 
consideration are light (and electricity), heat, gravity, chemical influ- 
ences (oxygen, nutritive substances, water, etc ), impact and friction. 

As the points of greatest lmtabihtv m plants or their organs are often more or 
less lemoved from the points where the effect of the stimulation is manifested, a 
propagation of the stimulation must take place Thus, a stimulus received by a 
non-motile organ may be conveyed to an organ capable of motion, and there produce 
movement. In the case of roots, for example, the geotiopic stimulus is received 
by the non-motile root-tip, while the movement is induced m the part of the root 
m process of elongation. 

The capacity of organs to assume a definite direction by means of 
curvatures of growth is distinguished, according to the nature of the 
particular inciting stimulus, as heliotropism, geotropism, hydrotropism, 
etc ; and these again are either positive or negative, according as the 
direction taken by the curvature is towards or away from the irritating 
stimulus ; while plant organs which place themselves more or less 
transversely to the line of action of the operative forces are termed 
diatropic. As a special result of diatropism, a transverse position is 
assumed which is exactly at right angles to the direction in which 
the influence which acts as the stimulus is exerted. Dorsiventral 
organs, m particular, exhibit a tendency to assume diatropic and even 
transverse positions. 

A. Helwt) opibiti 

The importance of light to plant life is almost incalculable. It is 
not only absolutely essential for the nutrition of green plants, but it 
has also a powerful effect upon the growth and general health of the 
plant organs. Deprived of light for any length of time, leaves and 
flowers usually fall off, fully developed, vigorous organs of green 
plants soon become yellow m the dark, and droop and die. Prolonged 
darkness acts like a poison upon those portions of plants accustomed 
to the light. On the other hand, exactly the reverse is true of plants 
or organs whose normal development is accomplished in darkness. 
Upon them the light has a most injurious, even fatal, effect, as may be 
easily observed in the case of Fungi and Bacteria. The hygienic 
importance of daylight in dwelling-places is due to the destructive 
action of light upon such forms of plant life That some plants seek 
the light, while others avoid it, is not surprising in view of the 
adaptability which organisms usually exhibit in respect to the in- 
fluences with which they come in contact in the natural course of their 
development. 

A good opportunity for the observation of heliotropic phenomena 



BOTANY 


PART I 


2.'2 

is afforded by ordinary window-plants. The stems of such plants do 
not grow erect as in the open air, but are inclined towards the window, 
and the leaves are all turned towards the light as if seeking help The 
leaf-stalks and stems are accordingly POSITIVELY HELIOTROPIC. In 
contrast with these organs the leaf-blades take up a position at right 
angles to the rays of light in order to receive as much light as possible. 
They are diaheliotropic, or TRANSVERSELY HELIOTROPIC, m the strictest 
sense (Fig. 201). If among the plants there should be one with aerial 
roots, C Woiophyiuin for instance, an example of negative heliotropisbi 
will be afforded, as the aerial roots will be found to grow away from 
the window and turn towards the room. 

For more exact investigation of heliotropic movements it is 
necessary to be able to control more accurately the source and direction 


l 



Fk. 201 — Hfliotrupio cum atari* of a seedling of Galium Aparu if, iesulting from one-sided llluimna- 
tioj. , m 1 tlie apet is in a line with the direction of the light, the leaves at right angles to it ; 
in j, with the illumination from the opposite direction, the same plant has quickly changed the 
position of its ape\, while the cotjledons are only beginning to assume then liehotropic 
position. (Somewhat enlarged ) 

of the light. This can be best accomplished by placing the plants in 
a room or box, lighted from only one side by means of a narrow 
opening or by an artificial light It then becomes apparent that the 
dnection of the incident rays of light determines the heliotropic 
position ; every alteration in the direction of the rays produces a 
change in the position of the heliotropic organs. 

The apical ends of positively heliotropic organs will he found to 
take up the same direction as that of the rays of light. 

Tlie exactness with which this is done is illustrated by an experiment made 
with Pilnbolus crytJalluius The sporangiophores of this Fungus are quickly 
produced on moist hoi be or cow dung They aie positively liehotropic, and turn 
their daik spoiangia towards the source of light When ripe these spoiangia are 
shot away fxom the plant, and will be found thickly clustered about the centre of 
the gl ass covering a small aperture tluough which the light has been admitted , a 
proof that the sporangiophores were all previously pointed exactly m that dnection. 

Upon closer investigation of the manner in which the positive 
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heliotropic curvature of an organ is accomplished, it is found that 

THE SIDE TURNED TOWARDS THE LIGHT GROWS MORE SLOWLY, THE SIDE 
AWAY FROM THE LIGHT MORE RAPIDLY THAN WHEN ILLUMINATED 
FROM all sides. This may be readily shown by previously marking 
with Indian ink regular intervals from one to two millimetres apart 
on the opposite sides of the organ After the curvature has taken 
place the intervals between the marks will be found to be much 
farther apart on the shaded side than on the side turned to the 
light. As compared with the elongation under normal conditions 
of growth, the marks on the illuminated side have remained nearer 
together, while those on the shaded side have drawn farther apart , 
that is, the growth m the case of a positive heliotropic curvature has 
been retarded on the illuminated side and promoted on the shaded 
side. It also becomes evident, from observation of the ink-marks, 
THAT CURVATURE TAKES PLACE ONLY IN THE PORTIONS OF STEMS 
STILL IN PROCESS OF GROWTH, AND THAT THE CURVATURE IS GREATEST 

where the growth is most vigorous (Fig 201) The curvature is 
then only a result of unequal growth induced by one-sided illumination 

It was toiineih belieied that the increased growth ot the shaded side was pio- 
duced hv the beginning of etiolation, and that the diminished grow th on the illumin- 
ated side was due to the retaidmg effect which light everts upon growth m length 
(p 234) Othei heliotropie phenomena weie found to be at variance with this 
explanation of heliotropism Unicellular perfectly tianspaient Fungus hyplue axe 
also subject to positive heliotiopic curvature, although m this instance theie can 
be no shaded side , on the eontraiy, the side of a liypha turned away fium the 
light is especially illuminated on account of the refraction of the light rays The 
fact, too, that negative heliotiopic curvatures also take place renders it evident that 
heliotropism cannot be due to one-sided etiolation ; tor m negatn e heliotiopism 
the side most directly illuminated is the one that gi ow & more rapidly, although 
the retarding effect ot light on the noimal giowth in length of negatively heliotropie 
oigans is equally opeiative (loots, rhiromorpha) 

It is evident from these considerations that it is not the difference 
m the intensity of the light which causes the heliotropie curvatures, 
but the direction m which the most intense light rays enter the organs 
LlGlfr ACTS AS A MOTORY STIMULUS WHEN IT PENETRATES AN ORGAN 
IN ANY OTHER DIRECTION THAN THAT WHICH CORRESPONDS WITH THE 
POSITION OF HELIOTROPIC EQUILIBRIUM 

The heliotropie curvatures are most strongly produced, just, as 
in the case of the heliotactic movements of freely moving swarm- 
spores, by the blue and violet rays, while red and yellow light exerts 
only an extremely slight influence, or none at all. It is due to 
the fact that the red-yellow and blue-violet rays are always present 
together in daylight, that the heliotropism of the leaves is of advantage 
to their assimilatory activity. 

Sensibility to heliotropie influences is prevalent throughout the 
vegetable kingdom. Even organs like the roots of trees, which are 
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heliotropic curvature of an organ is accomplished, it is found that 
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place the intervals between the marks will be found to be much 
farther apart on the shaded side than on the side turned to the 
light. As compared with the elongation under normal conditions 
of growth, the marks on the illuminated side have remained nearer 
together, while those on the shaded side have drawn farther apart , 
that is, the growth m the case of a positive heliotropic curvature has 
been retarded on the illuminated side and promoted on the shaded 
side. It also becomes evident, from observation of the ink-marks, 
THAT CURVATURE TAKES PLACE ONLY IN THE PORTIONS OF STEMS 
STILL IN PROCESS OF GROWTH, AND THAT THE CURVATURE IS GREATEST 

where the growth is most vigorous (Fig 201) The curvature is 
then only a result of unequal growth induced by one-sided illumination 

It was toiineih belieied that the increased growth ot the shaded side was pio- 
duced hv the beginning of etiolation, and that the diminished grow th on the illumin- 
ated side was due to the retaidmg effect which light everts upon growth m length 
(p 234) Othei heliotropie phenomena weie found to be at variance with this 
explanation of heliotropism Unicellular perfectly tianspaient Fungus hyplue axe 
also subject to positive heliotiopic curvature, although m this instance theie can 
be no shaded side , on the eontraiy, the side of a liypha turned away fium the 
light is especially illuminated on account of the refraction of the light rays The 
fact, too, that negative heliotiopic curvatures also take place renders it evident that 
heliotropism cannot be due to one-sided etiolation ; tor m negatn e heliotiopism 
the side most directly illuminated is the one that gi ow & more rapidly, although 
the retarding effect ot light on the noimal giowth in length of negatively heliotropie 
oigans is equally opeiative (loots, rhiromorpha) 

It is evident from these considerations that it is not the difference 
m the intensity of the light which causes the heliotropie curvatures, 
but the direction m which the most intense light rays enter the organs 
LlGlfr ACTS AS A MOTORY STIMULUS WHEN IT PENETRATES AN ORGAN 
IN ANY OTHER DIRECTION THAN THAT WHICH CORRESPONDS WITH THE 
POSITION OF HELIOTROPIC EQUILIBRIUM 

The heliotropie curvatures are most strongly produced, just, as 
in the case of the heliotactic movements of freely moving swarm- 
spores, by the blue and violet rays, while red and yellow light exerts 
only an extremely slight influence, or none at all. It is due to 
the fact that the red-yellow and blue-violet rays are always present 
together in daylight, that the heliotropism of the leaves is of advantage 
to their assimilatory activity. 

Sensibility to heliotropie influences is prevalent throughout the 
vegetable kingdom. Even organs like the roots of trees, which are 
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never under ordinary circumstances exposed to the light, often exhibit 
heliotropic irritability. Positive heliotropism is the rule with aeiial 
vegetative axes. Negative heliotropism is much less frequent , it is 
observed in aerial loots, and sometimes also in climbing roots (Ivy, 
Fmi» stipnbrfa, Begonia maiden*), in the liypocotyl of germinating 
Mistletoe, in many, but not all, earth roots (Sincqns, Hehantlms), in 
tendrils (chiefly m those with haptera or holdfasts), and in the stems 
of some tendril- climbers. By means of their negative heliotropic 
character, the organs for climbing and attachment turn from the light 
towards their support, and are pressed firmly against it 

Negative ludiotropic, curvatures, are occasionally produced, not in the region of 
luo-.t iapid giimth, but m the older and more slowly growing portions of the stem. 
Thesttm-Mjf TfHpacnhun nvijus, loi example, exhibit positive heliotropic curvatures 
m the legion ot then greatest elongation , but lower down the stems, with the 
re fcai datum ot then growth, they become negatively hehotropic. 

Transverse heliotropism is confined almost solely to leaves and 
leaf-like assimilatory organs, such as Fern prothallia and the thalli of 
Liverworts and Algae In these organs transverse heliotropism, m 
conformity with its great utility for assimilating, predominates over all 
other motory stimuli. Thus it is possible to cause the leaf-blades of a 
Mali a or a Ttopueolum to turn completely over by illuminating their 
under surfaces by means of a mirror The leaf-blades themselves, 
and also the thalli of the Cryptogams, are capable of carrying on 
transversely heliotropic movements, vdnle the movements of the 
growing portions of leaf-stalks seem to be influenced by their leaf- 
blades 

Iu too blight light the transverse position of the leaves becomes changed to a 
position moie or less m a line with the direction of the more intense light rays 
In assuming a moie peipendicular position to avoid the direct rays of the nud-day 
sun, the hat-blades ot Lacfiaa Seanola and the North American Silphium lacmia- 
tuui necessanly take the direction of noith and south, and so are often referred to 
as t ompasn plants. (As regards the vertical position of phyllodes, m connection 
with winch may be mentioned the vcitieally -placed leaves of many Myitaceae and 
Pi utcua a i . see p 19." ) 

The hehotropic character of organs may change through the activity 
of external influences, and also at different stages of their development 
and growth ; just as m the case of the heliotactic swarm-spores, the 
higher plants m ordinary light may be positively, and in very intense 
illumination negatively hehotropic. The youngest portion of the shoots 
of Ivy and Tropaeolim are positively heliotropic, while the lower and 
older poitions turn away from the light. The flower-stalks of Linana 
cymbalo no are at first positively hehotropic. After pollination, how- 
ever, they become negatively hehotropic, and as they elongate they 
push their fruits into the crevices of the walls and rocks on which 
the plant grows, and thus assure the lodgment of the seeds and the 
possibility of their future germination. 
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B. Geotioianu) 

That the stems of trees and other plants should grow upwards and 
their roots downwards, is such a familiar occurrence and so necessary 
for the performance of their respective functions as to seem almost a 
matter of course. Just as in the discovery of gravitation, it required 
an especially keen spirit of inquiry to lead to the investigation of 
this everyday phenomenon. The fact that everywhere on the 
earth, even on the sides of the steepest mountains, stems take a 
perpendicular direction ; and that, while buried m the earth, this same 
direction is assumed with certainty bv terminating seeds and growing 
shoots ; and chiefly the fact also that a shoot, when forced out of its 
upright position, curves energetically until it is again perpendicular, 
led to the supposition that the cause of these phenomena must be in a 
directive force proceeding from the earth itself The correspondence 
in the behaviour of a stem in always assuming a perpendicular position, 
with the continued maintenance of the same dnection by a plumb-line, 
suggested at once the force of gravitation, and the English investigator 
Knight, in 1809, demonstrated that the attraction of gravitation, m 
fact, exerted an influence upon the direction of growth. As Knight 
was not able to nullify the constantly operative influence of gravity 
upon plants and so directly prove its influence, he submitted them to 
the action of centrifugal force — an accelerative force operating like 
gravity upon the masses of bodies, and which had, in addition, the 
advantage that it could be increased or diminished at will. Knight 
made use of rapidly rotating, vertical wheels, upon which he fastened 
plants and germinating seeds m various positions. The result of his 
experiments was that the stems all turned towards the centre of the 
wheel and the roots directly away from it. On wheels rotating m a 
horizontal plane, where, m addition to the centrifugal force, the one- 
sided action of gravitation was also still operative, the shoots and 
roots took a definite middle position , the shoots and roots still grew 
in opposite directions, but their line of growth was inclined to the 
plane of rotation, at an angle dependent upon the rotating velocity. 
The position thus assumed was evidently the result of the combined 
action of the centrifugal force and gravity, which was manifested m 
the directions taken by the plants according to their comparative 
strength and respective influence on growth. In this way it was posi- 
tively ascertained that terrestrial gravitation determines the positions 
of plant organs in respect to the earth. 

Later, it was also shown that not only the perpendicular direction 
of stems and primary roots, but also the oblique or horizontal direction 
taken by lateral branches, roots, and rhizomes, is due to a peculiar 
reaction towards the force of gravitation. 

The property of plants to assume a definite position with respect 
to the direction of gravitation is termed geotropism. It is customary 
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also, as in tlie ease of heliotropism, to speak of positive and negative 
geotropism, diageotropism, and transverse geotropism, according to 
the position assumed by the plant or organ with respect to the centre 
of the earth. Still another form of geotropic irritability, lateral geotro- 
pism, renders possible the winding of stem-climbers. 

Negative Geotropism. — All vertically upward growing organs, 
whethei sterns, leaves (Lilufloute), flower-stalks, parts of flowers, or 
roots (sueli as the respiratory roots of Avicennas, Palms, etc.), are 
negatively geotropic. In case such negatively geotropic organs are 
forced out of their upright position, they assume it again if still capable 
of growth. As in heliotropism, GEOTROPIC CURVATURE RESULTS FROM 
THE INCREASED GROWTH OF ONE SIDE AND THE RETARDED GROWTH OF 
the opposite side ; and the region of greatest growth is, in general, 
aLo that of the greatest curvature. In negatively geotropic organs, 
growth is accelerated on the side towards the earth , on the upper side 
it is retarded. In consequence of the unequal growth thus induced, 
the erection of the free -growing extremity is effected. After the 
upright position is again attained, the one-sided growth ceases and the 
organ continues to grow’ m an upward direction. 

The pioeess of negative geotiopiu mo\ exnent is dependent (1) upon the vigour 
of the existing giowth . ',2j upon the sensibility of the oigan, (3) upon the fact 
that the stimulus of grawtj v, oiks most eneigetically when the apex of the ortho- 
tiopn. oigan is removed about 13o J fiom its position of geotropie equilibrium, 
the more neatly the zone capable of ennatuie approaches this position, the 
'tiougn is the motoiy stimulus , (4) and, also, upon the fact that after a stimulus 
lias ceiled to act upon a plant, the induced stimulation continues to pioduce so- 
calh d vi rnit-iFS 3 rr>, j uvt as In a momenta! y stimulus of light an after-perception 
pei&ists m the eye 

These cousideiatious deteiimne the actual conise of the directive movement of 
geotiopisin, which, as will be seen fiom the adjoining figure (Fig 202), does not 
consist merely of a simple, continuous cuivatiue. The numbers 1-16 show, dia- 
grammatic all\, difieient stages m the geotropic election of a seedling grown m senu- 
daikness and placed m a honzontal position (No 1) The growth in the stem of 
the seedling is stiongest just below the cotyledons, and giadually deci eases tow'aids 
the base Tlu cuivatuie begins accoidmgly close to the cotyledons, and pioceeds 
gradual ]y down the stun until it reaches the lower, no longer elongating, potions. 
Tluougli the downward movement of the curvatuie, and partly also through the 
aftei -effect of the ongmal stimulus, the apical extremity becomes bent out of the 
perpendieulai (No 7), and m this way a curvature in the opj>osite duection takes 
place Thus, undei the influence of the stimulus, the stem bends backwards and 
fox wards, until, finally, the whole glow mg portion becomes erect and no longer 
subject to the one-sided action of the geotropic stimulus (A good example of ex- 
cesane euivature bevond the vertical is affoided by vigorously growing aenal 
shoots of Hipjntns cuhjctns ) Analogous phenomena to those here described are 
exhibited m the case of all paratonic cui vatures of grow tli. In case of a different 
distiihution and lapidity of giowtli, oi of the unequal sensitiveness, rigidity, or 
thickness of the organ, as w ell as in the case of a difference m its position at the 
commencement of the ciuvature, the process, as indicated m the figure, is corre- 
spondingly modified. 
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Positive Geotropism, on the other 
hand, is observable m tap-roots, in many 
aerial loots, and in the leaf -sheaths of the 
cotyledons of manv monocotyledons which 

v v tf 

penetrate the earth during germination. 
All these organs, when placed m any other 
position, assume a straight downward 
direction and afterwards maintain it. 
Formerly, it was believed that this re- 
suited solely from their weight and the 
pliancy of their tissues. It is now known 
that this is not the case, and that posi- 
tive geotropic, like negatively geotropic 
movements, are possible only through 
growth. The power of a downward 
curving root-tip to penetrate mercury 
(specifically much the heavier), and to 
overcome the resistant pressure, much 
greater than its own weight, proves con- 
clusively that positive hehotropism is a 
manifestation of a vital process Posi- 
tive geotropic curvature is due to the fact 
that THE GROWTH OF AN ORGAN IN 
LENGTH IS PROMOTED ON THE UPPER SIDE, 
AND RETARDED, EVEN MORE STRONGLY, 
ON THE SIDE TURNED TOWARDS THE 
EARTH. A young germinal root of Vicut 
Fuha, growing vertically, elongated equally 
on all sides 24 mm ; when placed hori- 
zontally, it exhibited a growth of 28 mm. 
on the upper and of only 15 mm. on the 
lower side A root of Cubtanea irsta , 
with a growth in a vertical direction of 
20 mm, showed, in a horizontal position, 
a growth of the upper side of 28 mm. 
and of the under of only 9 mm In 
these experiments, by marking with 
Indian ink, the unequal elongation in the 
downward curvature may be demon- 
strated by the greater divergence of the 
marks on the upper than the lower 
side , it is also evident that, as in 
negative hehotropism, the curvatuie 
takes place in the region of greatest 
elongation (Fig. 203). As the portion 



Fig 202 — Diftcient stages in the pro- 
cess. of gentropic movement The 
tiguieb, 1-lrt, indicate suceessiAe 
stages, in the gent topic eur\ature of 
a seedling groi\ n m seim-darkness , 
at 1, plated houzontally 5 at lo, ler- 
tical Fi >r description of mteunedi- 
ate btageasj seete\t. (Diagrammatic ) 


of a root capable of elongation is very short, no excessive over- 
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curvature, as m the case of negatively geotropic stems, takes 
place. 

Diag-eotropism. — Most lateral branches and roots of the first order 
are diageotropic, while branches and roots of a 
higher order stand out from their parent organ 
m all directions. Diageotropic organs are 

ONLY IN A POSITION OF EQUILIBRIUM WHEN 
THEIR LONGITUDINAL AXES FORM A DEFINITE 
ANGLE WITH THE LINE OF THE ACTION OF 
gravity. If forced from their normal inclina- 
tion they return to it by curving. A special 
instance of diageotropism is exhibited by 
strictly horizontal organs, such as rhizomes and 
stolons, which show a strictly transverse GEO- 
TROPISM, and, if removed from their normal 
position, their growing tips always return to the 
horizontal. A more complex form of geotropic 
orientation is manifested by dorsiventral organs. 
These, m contrast to radial organs, such, as most 
roots arid stems, are not developed on a uni- 
form plan on all sides, but show two usually 
horizontally ; ii, after externally perceptible different sides — a dorsal 
seiea hour's , in, after an( j a ventral side. The foliage leaves of 

irseti m<ie\ (After ) most dicotyledons and zygomorphic flowers 

(. Antin'hinum , Aconitum , etc ) furnish pronounced 
examples of dorsiventral structure All such dorsiventral organs, 
just as radial organs that are diageotropic, form a definite angle 
with the direction of gravity, but are only in equilibrium when 
the dorsal side is uppermost If, in spite of the proper inclination of 
the longitudinal axis, the dorsal side should lie underneath, it elongates 
until it comes back again into a dorsal position. 

A .state of torsion often i exults from the orientation movements of dorsiventral 
organs to leeover from abnormal positions Similarly, a torsion must also, of neces- 
sity, oecui w hen a geotropic organ, which has become curved over toward its parent 
axis, turns itself about so as to face outwards (exotropism) The rotation of tlie 
ovaries of many Oi diidaecae, of the floweis of the Lobelictcccic, of the leaf-stalks on 
all hanging 01 oblique blanches, of the originally reversed leaves (with the palisade 
parenchyma on the undei side) of the Alstroemenae, and of Allium uisinuvi, all 
afford familiar examples of toision regulaily occurring in the process of onentation 

Stem - Climbers. — In addition to the better - known forms of 
geotropism already mentioned, stem-climbers exhibit a peculiar and 
only recently recognised geotropic movement, by means of which they 
are enabled to twine about upright supports This movement depends 
upon the geotropic promotion of the growth of one side (not, as in 
negative or positive geotropism, of the upper or lower portions). Thus 
a geotropic curvature in a horizontal plane is produced (lateral geo- 



Fia 203 — Oeotropic. cuua- 
ture i if the i oot ot a seedling 
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tropism), resulting m a revolving motion of the shoot apex. Stem- 
climbers occur in very different plant families ; and although an upward 
growth is essential to their full development, which they do not attain 
if left on the ground, their stems are not able of themselves to main- 
tain an erect position. The erect stems of other plants, which often 
secure their own ngidity only through great expenditure of assimilated 
material, are made use of by stem-climbers as supports on which to 
spread out their assimilatory organs in the free air and light. The utili- 
sation of a support produced by the assimilatory activity of other plants 
is a peculiarity they possess m common with other climbers, such as 
tendril- and root-climbers. Unlike them, however, the stem-climbers ac- 
complish their purpose, not through the use of lateral clinging organs, but 
by the capacity of their main stems to twine about a support. The first 
internodes of young stem-climbers, as a rule, stand erect. By further 
growth the free end curves energetically to one side, and assumes a 
diageotropic, more or less oblique or horizontal position. At the same 
time the inclined apex begins to revolve in a circle either to the right 
or to the left. This is the movement which it has been customary to 
speak of as e - revolving nutation ,' 5 but which it is better to term 
REVOLVING MOVEMENT The expression “ nutation 55 is not in this case 
correct, as by it are understood autonomic movements , while THE 
REVOLVING MOVEMENTS OF STEM -CLIMBERS RESULT FROM THE EX- 
TERNAL simulus of geotropism, which causes a promotion of growth 
in either the right or left side of the young internodes of the inclined 
shoot apex. As a result of this, a movement towards the other side 
is induced. On account of the direct connection of the apex of the shoot 
with the lower erect internodes, this revolving movement necessarily 
gives rise to a similar rotation of the revolving apex on its longitudinal 
axis. Through this rotation the torsion, which would otherwise be 
produced by the revolving movement of the inclined tip of the shoot, 
is released. (This process will at once become apparent by imitating 
the movement with a rubber tube ) Thus the apex of a stem-climber 
sweeps round m a circle like the hand of a watch, and rotates at the 
same time like the axle to which the hand is attached. Through this 
rotation of the shoot apex, the part of the stem subjected to the 
action of the lateral geotropism is constantly changing ; and the revolv- 
ing movement once begun, must continue, as no position of equilibrium 
can be attained 

Without the constant and unchanging action oi giavitation in deteiniinmg the 
duection of the revolving movement, the twining of a shoot continuously about a 
support is hardly conceivable It is accoidingly not without reason that the re- 
volving movement is a continuous, fixed, geotropic movement, and not an autonomic 
nutation without definite directive foice Lateral geotiopism is a physiological 
lequisite foi the climbing, and the existence of stem-climbers as suchps dependent 
upon this peculiar foim of geotiopism To this dependence, however, is also due 
the fact that stem-climbeis can only twine about upnght or slightly inclined sup- 
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port-. Tin's is, it is true, a limitation to then povvei of climbing, but one which 
is not without advantage, for the plants aie thus constrained to ascend to heer 
light and an 


When an upright support occurs anj where in the immediate neigh- 
bourhood of the apex of a climbing shoot it is suie to be discovered. The 
apical extremity, of which the movement is but little disturbed by the 

leaves, which remain for a long time undeveloped, 
is forced by its lateral geotropism against the 
support, and by its next revolutions twines around 
it. If the support be thin, the coils, at first 
almost horizontal, are only loosely wound about 
it. Later they become more spiral, and so wind 
more tightly This is accomplished by the ulti- 
mate predominance of negative geotropism in 
the coiled portions of the stem, which tends con- 
tinually to draw out the coils and make the 
stems upright This action of negative geotro- 
pism is well shown in the case of shoots which 
have formed free coils without a support (Fig 
204) By the resistance offered by the supports 
to the complete elongation of the spiral stems, 
the shoots are held firmly m position. In many 
twining plants the roughness of their surfaces 
(due to hairs, bristles, hooks, furrows) also 
assists in preventing the shoots sliding down 
their supports The autonomic torsion arising 
in the older portions of the stems is also of 
assistance m holding climbing plants, especially those with furrowed 
stems, tightly wound about their supports The twining of stem- 
climbers, as well as the attachment to their supports, is due to geo- 
tropie processes of growth, and not, as m tendril-climbers, to contact 
stimuli. 



bj tl felllHlt ot JpfhlbJl It pH * - 
P* tu* (From Dktmff’s. 
Pit l’n'tt ) 


In addition to the autonomic torsion.', a toision from puiely mechanical causes 
uttessauly manifested m the elongation of the coils of a twining stem which are 
at first neaily hou/ontal, so far at least as it is not equalised by the free mov ement 
of the apex t To make this toi ni of torsion appai ent, it is only necessary to hold 
fhmly the mnei end of a horizontal coil ot mbbei tubing, and diaw out the othei 
end until the tube is stiaight If a maik has prev lously been diawn along one side, 
"ay the convex side of the tube, its position, aftei the tube lias been extended, 
will show cleailv the actual toi&ion that has taken place ) 

From their manner of winding, stem - climbers can twine only 
around slender or, at the most, moderately thick supports. Here 
again is a limitation to their powders of climbing ; but in" this instance 
also the limitation has its advantages, for by climbing the trunks of 
large shade trees, these plants, which require the unobstructed light, 
would be placed in an unfavourable position. 
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The direction of the revolving movements, and accordingly also of 
the windings, of most stem-climbers is constant. The twining stems 
are for the most part sinistrorse (Coni oh ulus, Phnsenln «, Pharbihs, 
etc ) Seen from above, the windings run from the north towards the 
west , that is just the reverse of the movement of the hands of a watch 
Viewed from the side, the windings ascend the support from the left 
below to the right above (Fig 205). Dextrorse stem-climbers with 



Fir. 205 — A Min^tiorse stem-climbei 
Phoibitt s Jit+imbt The uppei 
leaver remain tsmall lor a lon^ 
time 



Fig 2Gu — A nextroise -.tem-climbei , 
tflliiui 1 1 titfo* th s The 
•dinrt lateral shoots have de- 
veloped phjllocladia 


windings from east to west occur less frequently (Hop, Honeysuckle, 
Polygonum Convolvulus, etc ) In the example chosen for illustration 
(Myrsiphyllum asptti agonies. Fig. 206) the undeveloped condition of the 
lateral members in comparison with the elongated internodes of the 
stem is very apparent A very few plants, such as Blumenbochia 
late) itia , Hibbei ha ilentata, and Sryphantus, seem able to climb equally well 
either to the right or to the left. A similar irregularity is shown in 
Solanum Dulcamara , which, however, rarely winds, and then only under 
special circumstances. 
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Wiit'ii tin. apex of a bini^tioi^e shoot 2 >oint^ tow aids the north, it is the east 
sirli ,»t which tin* "iow th is promoted hv geotropism ; in dextrorse climbers, on the 
contrail the ginwth ot the west side is nioie iaj>id That the same stimulus affects 
m diffen nt plants the giowth of opi>os>ite sides, may be explained by the difference 
m tin anangement of their imtable struct uies (tlirough their leversed position) 
within the oigan Fiom the fact that the piomotion of growth occurs always on 
the vtm* side, it will be apparent that the apex of an mveited twining stem must 
unwind fiom its support ("Concerning the behaviour of stem -climbers on the 
Khno-tat. eompaie p. 264 ) 


Curvature of Grass -Haulms. — All the examples of geotropie 
movements, so far observed, took place m the growing portions of 
plants, and whether occurring in unicellular or multicellular organs, 
were due to a disturbance of the course of growth. A curvature even 
of ligmfied twigs can also be produced by the one-sided stronger 
growth of the cambium and of the young secondary tissues. Even 
many-year-old branches of Conifers are all able, although slowly, to 
exhibit geotropic curvatures. The nodes of grasses show that 

RESTING TISSUES ALSO CAN BE EXCITED TO NEW GROWTH BY THE 


stimulus OF gravitation. The knot-like swellings on the haulms 
of the Grasses are not nodes in a morphological sense, but are 
cushion-like thickenings of the leaf- sheaths above their actual in- 
sertion on the shoot axis. The part of the stem thus enveloped 
is very tender and flexible. "When a grass-haulm is laid horizontally, 
which not unfretjuently occurs through the action of the wind or 
rain, the nodes will begin to exhibit an energetic growth on their 
lower sides. As the upper sides of the nodes take no part in the 
growth, but are instead frequently shortened through pressure and 
0 loss of water, knee -like curvatures are 



Fiu 207 — Gcotiopic election of a 
5,1 Uui.l'u h} the curvature of 
a nuile. 1 , Placed liou/oittallj , 
Dnth r j) oi tin node 

uf equal length , 2 , the 
uuder sale O) lengthened, the 
uppei &nle (n) somewhat slioit- 
ein d , as a le^ult r»l the eunature 


formed at the nodes, by means of which 
the haulm is again quickly brought to an 
erect position (Eig 207). In this way laid 
corn is able to right itself Similar curva- 
tures to those of the grass nodes may 
be produced in the true nodes of the grass- 
like Dianthi , and of the Polygonaceae Poly- 
gonum , Pin iiex) and Commelmaceae ( Trade 
cantio). 

Modifications in the character of the geo- 
tropism, as of the heliotropism, of an organ 
may be occasioned by the operation of in- 
ternal as well as external influences. Such 


raHWl c ^ an S es their geotropic position frequently 
.uiaimvu .■> occur, as Vochting has demonstrated, dur- 

ing the development of flower-buds, flowers, and fruits (buds and flowers 
of Payurer, flowers and fruits of Aqmlegio , Detyhinmm, Aconitum , and 
in the burial of the fruit of Ti {folium mibten aneum, Aiachis hyjjogaect, etc ). 
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Of the changes in the geotropic conditions of plant organs due to 
external causes, those are particularly noticeable which result from a 
failure of a sufficient supply of oxygen, by which, for example, roots 
and rhizomes are made negatively geotropic. And even more im- 
portant are the modifications arising from the action of light, by 
which the geotropic irritability of rhizomes and foliage leaves may 
be so modified or weakened as to permit of more advantageous 
heliotropic positions. 


C. Hydiutiopism , Cuhtntiojji'iin, Themtotiopum, etc 

Whenever any external force or substance is important to the 
vital actnity of a plant or any of its organs, there will also be found 
to be developed a corresponding irritability to their influences. Roots 
m dry soil are diverted to more favourable positions by the presence 
of greater quantities of moisture. The force of this positive hydro- 
tropism may be so great as to overcome the geotropic equilibrium of the 
roots, and thus give rise to h\drotropic curvatures. Conversely, the 
sporophores of many mould Fungi avoid moisture To this pioperty is 
due the fact, so advantageous for the distribution of the spores, that 
their sporangiophores grow directly away from a moist substratum. 
Corresponding to the chemotactic irritability of Bacteria and spermato- 
zoids, roots, fungus hjphse, and pollen tubes exhibit positive and 
negative CHEMOTROPIC curvatures. These vary according to the 
concentration of the solution, so that an attractive substance, at a 
higher concentration, may act repulsively. Thermotropism (due to 
the stimulus of heat), Rheotropism (occasioned by the direction of 
water currents), and Aerutrqpism, a form of chemotropism, are 
additional phenomena, which have been distinguished as arising from 
the special action of external stimuli, and which stand in direct rela- 
tions to certain vital requirements of plants. 

In the case ot electropisM, which has also Leen demonstrated m plants, no 
such essential 1 elation? have been discovered , the disposition of plant organs m a 
direction contraiy to that of an electric cunent, seems m no way to a fleet then 
glow tli The fact of the existence of electiopism m plants shows clearly that an 
111 liability may be present, from which no direct benefit is ordmauly derived, and 
which accoidmgly could not have been attained by natural selection 


D. The Method of Slow Rotation — The Klino*tut 

All the curvatures of growth previously discussed have been in- 
duced by the one-sided action of stimuli, the source of which determined 
the direction of the movements as well as the position of equilibrium. 
An influence operating equally on all sides is unable to produce a 
curvature in an organ of which the irritability is equally developed on 
all sides In like manner no curvatures can take place when the plant is 
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uniforaily rotated, with a velocity sufficient to preclude the continuous 
operation of a stimulus on any one point long enough to occasion a 
one-sided growth As in that case, no one side will be exclusively 
acted upon, but the growth of all will be equally promoted or retarded , 
the action of external influences, although exerted m only one direction, 
will be equalised. On this account the “method of slow rotation,' 5 
originally instituted by Sachs, is of great assistance m the observation 
and investigation of the phenomena of movements By means of it, 
hehotropic movements due to one-sided illumination may be prevented 
without the necessity for either exposing the plants to the injurious 
effects of continued darkness, or providing for an equal illumination on 
all sides. This method is, moreover, of especial value in investigating 
the movements due to the action of gravitation, for it is not possible 
to exclude its influence, as it is those arising from light, definite 
temperature, oxygen, etc. 

When plants are slowly rotated on a horizontal axis, t he 

ONE-SIDED ACTION OF GRAVITATION IS ELIMINATED AND GEOTROPIC 
CURVATURE is thus prevented m organs which react equally on 
all sides. The rotations are best produced by the klinostat, 
an instrument by means of which an exactly horizontal axis is 
rotated by clock-work. That geotropic curvatures of radial organs 
are, in fact, precluded by means of the klinostat, furnishes a re- 
markable corroboration of the result of Knight’s experiments, and 
may also be regarded as a further proof that such curvatures are due 
to terrestrial gravitation. Through the equalisation of the action 
of external directive influences, radial portions of plants exhibit on 
the klinostat only such movements as arise from internal causes. 
The most important of these autonomic movements are those resulting 
m epinastic and hyponastic curvatures (p. 249), and the retrogression 
of recently formed paratomc curvatures through longitudinal extension 
(autotropism) 

Such autonomic movements should not be confused with those exhibited by 
doi»n entral organs on the klinostat, m consequence of the unequal lintability of 
then different .sides Through the special irritability of the dorsal side (#. 258 ) 
of foliage lea\es and zygomorphic flowers, it is during their lotation more strongly 
acted upon by geotiopic influence than the ventral side , as a result of this cuiva- 
tmes aie produced which so closely resemble those resulting from, epmasty that 
they were for a long time actually considered as such When stem-climbers aie 
lotated on the klinostat, their levohing movement ceases, the part of the stem 
capable ot giowtli unwinds and .straightens, and afteiward exhibits only irregular 
nutations. It is thus evident horn their behaviour that their winding and par- 
ticularly their i evolving movements are dependent upon geotiopism 

E. Curvatures induced by Contact Stimuli 

The protoplasm of plants, like that of animals, exhibits an irritabilitv 
to contact, whether momentary or continuous This is apparent, 
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not only from the behaviour of the naked protoplasmic bodies of 
spermatozoids, swarm-spores, plasmodia, and amcefoe, but also from 
the reactions manifested by walled cells and by whole organs, the 
functions of which may be so disturbed by the action of mechanical 
stimuli that death ensues. 

The almost universal irritability of vegetable protoplasm to 
mechanical stimulation is utilised by a number of plants for the 
production of movements which lead to their ultimate attachment to 
the irritating body. Tendril-climbers, in particular, have developed 
this irritability to contact stimuli as a means of attaching themselves 
to supports ; and in that way are enabled to elevate their assimilating 
and also their reproductive organs into more favourable situations. In 
the case of twining plants which possess similar powers of climbing, 
the process of elevation, as has already been shown, is accomplished 
by means of the geotropic irritability of the stems themselves. In 
the case of tendril-climbers, on the contrary, the attachment to the 
support is effected, not by the main axis of the plant, but by lateral 
organs of different morphological character. These may either main- 
tain, at the same time, their normal character and functions, or, as is 
usually the case, become modified and as typical tendrils serve solely 
as climbing organs The support operates, moreover, not as a 
hindrance to a movement previously induced, as in the case of stem- 
climbers, but itself produces curvature in the tendrils in consequence 
of contact or friction. The contact of a tendril with a solid 

BODY ACTS UPON ITS GROWTH IN SUCH A WAY THAT THE ELONGATION 
OF THE CONTACT SIDE IS ARRESTED, WHILE THAT OF THE OPPOSITE 
SIDE is promoted. As a result of this, a sharp curvature of the 
tendril ensues, which coils it about the support The more slender 
the tendrils and the stronger their growth, the more easily and 
quickly 7 this process occurs. Through the tendency of the curvature 
to press the tendrils more and more firmly against the support, deep 
impressions are often made by them upon yielding bodies, soft stems, 
rubber tubing, etc. 

In the more typically developed tendrils the curvature does not 
remain restricted to the portions directly subjected to the action of 
the contact stimulus. Apart from the fact that, in the act of coiling, 
new portions of the tendrils are being continually brought into contact 
with the support and so acted upon by the stimulus, the stimulation to 
curvature is also transferred to the portions of the tendril not in 
contact with the support. Through the action of the propagated 
stimulus, not only is the free apex of the tendril turned more quickly 
around the support, but a tendency to curvature is imparted to the 
portion of the tendril between the support and the parent shoot. As 
it extends between two fixed points, this tendency causes it to coil 
spirally, like a corkscrew. With the spiral coiling, a torsion is 
produced, and, on account of the fixed position of the two end 
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points, it cannot be exerted in one direction only, the spiral, for purely 
mechanical reasons, coils partly to the left and partly to the right 

Points of reversal (x) 
thus occur m the windings 
which, m equal numbers to 
the right and to the left, 
equalise the torsion (Fig 
208). Through the spiral 
coiling of the tendrils the 
parent- stem is not only 
drawn closer to the support, 
but the tendrils themselves, 
through their consequent 
elasticity, are enabled to 
withstand the injurious 
effects of a sudden shock. 

Advantageous changes 
also take place in the ana- 
tomical structure of the ten- 
drils after they are fastened 
to the supports. The young 
tendrils, after their elongation, exhibit active nutations, and thus the 
probability of their finding a support is enhanced. During this time 
they remain soft and flexible, while the turgor rigidity of their apices 
is maintained only by collenchyma. In this condition they are easily 
ruptured, and have but little sustaining capacity. As soon, however, 
as a support is grasped, the coiled-up portion of the tendrils thickens 
and hardens, while the other part lignifies, and becomes so strengthened 
by selerenchymatous formations that the tendrils can finally sustain 
a strain of many pounds. When the tendrils do not find a support 
they usually dry up and fall off, but m some cases they first coil them- 
selves into a spiral. 

The tendril', ot man} plants ( C'ubcica , Oissus) are untable on all sides , others, 
on the conti ary, on only the lovei side (tendrils of Cucurbitaceae and othei£ with 
hooked tips) ; -while others possess extremely sensitive shoots (Mutism) In some 
eases the tendrils quickly coil themselves to the support, but others coil moie 
slmvlv (Possi flora, titcitos, Bnjonta) , while m other tendrils the supports are 
veiy slow ly giasped (Smilvue, Pit is) 

According to Pfeffer’s investigations, it is of great importance to 
the tendrils in the performance of their functions that they are not 
induced to coil by every touch, but only through contact with the 
uneven surface of solid eodies (as thus adjacent cells become 
unequally affected) Rain-drops consequently never act as a contact 
stimulus ; and even the shock of a continued fall of mercury produces no 
stimulation. Tendril-climbers are not, like twining plants, restricted 
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to neaily vertical supports, although, on account of the manner m which 
the tendrils coil, they can grasp only slender supports. A few tendril- 
climbers are even able to attach themselves to smooth walls. Then* 
tendrils are then negatively heliotropic, and provided at their apices with 
small cushion-like outgrow ths, which may either develop independently 
on the young tendrils (Ampelopus Veitehn), or are first called forth by 
contact irritation {A rnpelop.^s hedenieea ) Through their sticky ex- 
cretions these cushions become fastened to the wall and then grow 
into disc-like suckers, the cells of which 
come into such close contact with the sup- 
porting wall that it is easier to break the 
lignified tendrils than to separate the hold- 
fasts from the wall Fig. 209 represents 
the tendrils of Ampelopsis Veitehn ( Vitis in- 
con stuns) The suckers occur on its young 

tendrils in the form of knots In Ampe- 
lopsi s hedenieea the suckers are only pro- 
duced as the result of contact, and the 
tendrils of this plant require thin supports 

Sometimes, as in the case of Lopho- 
spenmtm sea mints (Fig. 210), the leaf-stalks, 
although bearing normal leaf-blades, be- 
come irritable to contact stimuli and 
function as tendrils Of leaf-stalks which 
thus act as tendrils, good examples are 
afforded by Tt opcteolam, Maura uclia, Solatium 
/asminoules , Nepenthes, etc The subsequent 
modifications occurring m more perfectly 
developed tendrils are not noticeable in 
the case of petiolar tendrils, although the 
coiling portion of the leaf-stalks of Solatium 
j asminoules do become strongly thickened 
and lignified, while the leaf- blades of 
Clematis, by remaining small for a time, 
enhance the tendril-like character of their 
leaf-stalks, and by bending backwards also 
initial contact with a support. At other times the midribs of the leaf- 
blades themselves become prolonged, and assume the function of 
tendrils (Glotiosa, Littunui , Flagellaria ). In many species of Fumaria 
and Cot ijdalis , in addition to the leaf-stalks, even the leaf-blades of 
the leaflets twine around slender supports, while the parasitic shoots 
of Cuscuta (Fig. 185) are adapted for both twining and climbing. 

F. Curvatures of giouih due to Variations in Light and Temperature 

The flowers and foliage leaves of many plants exhibit the peculiarity 
that their different sides (the upper and under sides of foliage-leaves and 
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leaf-stalks, the inner and outer sides of floral leaves) show an unequal 
grow th m response to even transitory and slight variations in tempera- 
ture and in the intensity of light. Whenever, on account of such 
variations, the growth of the under side of a leaf exceeds that of the 
upper side, the whole leaf moves upwards and towards the parent axis , 
while if the growth of the upper side is the stronger, the leaf is depressed. 

Movements of this nature are especially noticeable in flower-leaves, 



Fit* 210 — Lopho^pu ilium scandem* climbing by means of its tendril-like petioles 


and bring about the opening and closing of the flower. A rise of 
temperature causes the flowers of the Tulip and Crocus, and also those 
of Adonis, Ornithogalvm, and Colchicum, to open, while sudden cooling 
causes them to close Tulips and Crocuses, if brought, while still closed, 

into a warm room, open m a 
very short time ; with a dif- 
ference of temperature of 15°- 
20° C, in from two to four 
minutes. Crocuses respond to 
an alteration in temperature of 
C., Tulips to a variation of 
2°-3° C. In warm sunshine 
the spring or summer flowers 
are open for the visits of 
insects, but on a lowering of 
temperature the sexual organs 
are covered up and protected. 
The stronger growth of one side occurs in this case either at the base 
or upper part ( Colchicum ) of the perianth leaves. 



Fin 211 — Composite flower nf Leod^odon ha&hli&t 
closed when kept in darkness, open when illu- 
minated (Fiom Deimer’& Physiol Picict) 
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The composite flowers of Tanimcnm, Don t> aim, and other Com- 
posites, also the flowers of Xymphata, Cadi , etc., open when illuminated, 
and close when kept m darkness (Fig. 211). Variation of light 
produces also unequal growth m foliage-leaves, particularly in those 
of the Chenopoduiceae, Coryophylla<xte, and Bahaminoreat and cause 
them to assume so-called sleep positions 

In many instances tlie movements of the fioial leaves aie produced by varia- 
tions of light as veil as of temperatme , foi example tlie flow el » of the Tulip and 
Chorus open in the light and close m the daik, although tlie tempeiatuie lemams 
constant In the case of opposing external influences, the lesulting duectionof 
the mo\ ement of the flower-leaves is deteimmed by the one which is pi (.dominant 
The dependence of these movements upon different, and often opposing, influences, 
together with the continuance of movements induced by pieviously opeiative 
influences (after-effects, pp 256, 272\ was for a longtime a difficult pioblem, and 
obscuied the diseoveiy of their true cause 

These movements, occasioned by variations in the illumination and 
temperature, must not be confused with those of heliotropism and 
thermotropism , in both of which the movement induced m an organ 
is dependent upon its relative position with respect to the source of 
the light or heat, and not upon the varying intensity of the stimulus 


3. Movements due to Changes of Turgor (Movements of Irritability) 

The various movements hitherto considered are, to a large extent, 
the result of the action of forces acting on growth. These move- 
ments were therefore confined to organs, or parts of organs, still in 
a state of growth In contrast to the almost universal immobility 
of all fully-grown organs, it is particularly interesting to find that 
some plants have found a means of carrying on vigorous movements 
without the assistance of growth 

It has already been shown (p 166) that through the pressure of 
increasing turgidity the elastic cell walls become greatly distended 
and the cell cavity largely expanded, while, on the other hand, the cell 
■walls* shrink and the cell becomes smaller when the turgor is 
diminished (Fig 167) It is to these changes in volume, which thus 
result from alterations m turgor, that the varying movements of 
fully-developed living organs are due 

Such variation movements occur only in leaves (foliage and flower 
leaves). These movements are especially noticeable in the componnd 
leaves of the Legummosae and Omlvleae , and also in the leaflets of 
Mar dim (a water-fern) In the motile regions of these leaves special 
masses of tissue are, both physiologically and anatomically, adapted 
for the promotion of this form of movement 

This tissue appears externally as a Aim cushion or pulvixus, sharply distin- 
guished from the lest of the leaf-stalk, and is the direct cause ot the leal move- 
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me nt^. Anatomically consi'ltsied, the jiulvmus consists, for the most pait, of 
•strongly tiugf-c^nt paieiiuliyma with very elastic cell vails. Thevasculai bundles 
and mechanical elements which, 111 other poitions of the leal -stalk, have an 
appioMwately eirculai airangement, unite in the pulvmus m the foim of a single 
flexible vtianii and so otfei little opposition to the movement of the leaf resulting 
from the euvvatuie ot the motile legion (cf Fig 165, %) The parenchyma ot the 
pu!\ mus foiuis a thick enveloping layer about this axial strand, by means of which, 
thnu. gh the prt&suic arising liom a difference m the turgescence of its opposite 
side^. a movement ot the whole leaf-blade is bi ought about, similai to that of the 
nuts pi end hand by the motion of the wrist. 

These variation movements are either autonomic, when the 
variations of turgor are due to no recognisable external influence, or 
paratonic, when the turgor is regulated in a definite way by the action 
of external stimuli. 

Autonomic Variation Movements. — A remarkable example of this 
form of movement is furnished by the small lateral leaflets of 
Jje'iiiuhaiit (. Hedi/dUiUin ) gift am, a papilionaceous plant growing in the 
damp Ganges plains. In a moist, warm atmosphere (22°-25°) these 
leaflets make circling movements which are m no way disturbed by 
variations in the intensity of the light, and which are of such rapidity 
that their tips describe a complete circle in 1-3 minutes The auto- 
nomic variation movements of Tnfolinni and Oxalis take place, on the 
contrary, only in darkness. Thus the terminal leaflets of Tnfolium 
rati me exhibit oscillatory movements in the dark with an amplitude 
which may exceed 120°, and are regularly repeated in periods of 2-4 
hours ; but on exposure to light the leaflets cease their oscillations and 
assume a fixed light position 

Paratonie Variation Movements are chiefly induced by variation 
in the intensity of the light, by the stimulus of gravitation, and by 
mechanical irritation (shock, friction), and also, but more rarely, by 
variations of temperature The pul vim of leaves may be affected by 
seieral different stimuli, the leaves of Mimosa padica, for example, 
are set in motion by the action of light, and also by the stimulus of a 
shock, and in addition, exhibit autonomic movements 

A change from light to darkness, as from day to night, occasions 
nyc riTEOPiu movements, or the so-called sleep movements In the 
day or light position, which is the same as that of diaheliotropic foliage- 
leaves, the leaf-blades are perpendicular to the incident rays of light 
With the commencement of darkness the leaves or the single leaflets 
fold either upwards with their upper surfaces inward, or downwards with 
their lower surfaces together, and so remain until the diurnal position 
is again assumed on recurring illumination The turgor of the 
whole motile organ of the Bean, for instance, increases with darkness, 
but in the upper half more (4-5 atmospheres) than in the lower, 
while the turgor of the motile organ is decreased by illumination, 
the upper half in particular loses the rigidity acquired by the tissue- 
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tension, and, in consequence of the resulting superior pressure of the 
lower half, the leaf is raised again to its diurnal position. 

According to Darwin, the leaves are protected from too great a 
loss of heat by radiation by the assumption of the nocturnal position. 
This loss of heat may sometimes be very considerable, so much indeed, 
that nyctitropic leaves, forcibly retained in their diurnal position, 
were frozen, while adjacent “ sleeping ” leaves sustained the night 
temperature without injury As sleep movements are also manifested 
by plants growing in tropical climates, where no injurious nocturnal 
diminution of temperature occurs, the advantage accruing from the 
sleep position in the previous instance is not explanatory of the 
nyctitropic behaviour of leaves in all cases. Sleep movements are 
particularly noticeable in Phaseolus, Tnfulmm , Iioluua, Acacia lophantha, 
Amicia zygomeii'i (Fig 212), Mimosa pudica , etc. 

Too intense light frequently causes the change from the diurnal 



Fig 212 — Amcta zygouei ia s showing diurnal and nocturnal petition oflea\es 


position, and a movement either towards or away from the nocturnal 
position. The leaflets of the common Locust (Bobinia pseudacacia ) are 
folded downwards at night. In ordinary diffuse daylight they assume 
their diurnal, outspread position , but, if exposed to the direct rays of 
the mid-day sun, they turn obliquely upwards. 

In many plants alterations in the intensity of the light change the 
geotropism of the motile organs , the sleep movements are then accomplished 
by the help of geotropic vanation movements ( Phaseolus , Lupinus) 

The change from the diurnal to the nocturnal position continues 
for a time to take place, even in constant darkness or prolonged 
illumination. The leaves themselves seem to have a tendency to 
pass at regular intervals from one condition to the other The daily 
periods are the result of the stimulus imparted by the light, the 
periodic action of which induces the regular changes of position. If, 
however, the external stimulus ceases to operate, the internal disposi- 
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tion still continues for some time to give rise to visible after-effects 
(pp 256, 272), until finally, from the abnormal conditions, an abnormal 
stateoi rigour (light rigour, dark rigour) and symptoms of disease are 
manifested 

Only a few plants respond with pronounced variation movements to 
mechanical irritation (shock, friction, injury) Formerly, these alone 
were considered irritable plants, as in the vegetable kingdom only the 
apparent mechanical irritations, from which visible movements resulted, 
were then regarded as stimuli 

Of lrntable plants in this sense, mention has already been made of 
Dmwm mUtUjrabi (p. 215), whose leaves when touched on the upper 
side, especially if the bristles are disturbed, fold together. The most 



Fio 213 — Mthwt puthtcf with leaver m noimal, diurnal position , to the light, in the position 
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familiar example of this irritability to mechanical stimuli is furnished 
by Mimosa jjivhco, a tropical leguminous shrubby plant, which o\Pes its 
name of sensitive plant to its extreme sensitiveness to contact The 
leaves of this plant are doubly compound (Fig. 213). The four 
secondary leaf-stalks, to which thickly-crowded leaflets are attached 
left and right, are articulated by well-developed pulvmi with the 
primary leaf-stalks , while they, in turn, as well as the leaflets, are 
similarly provided with motile organs. Thus all these different parts 
are capable of independent movement, and the appearance of the 
entire leaf becomes, in consequence, greatly modified In their 
umrritated, light position (Fig 213, on the left) the leaf-stalk is 
directed obliquely upwards, while the secondary petioles with their 
leaflets are extended almost in one plane. Upon any vibration of the 
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leaf, m favourable conditions of temperature (23 -30' C.) anil moisture, 
all its parts perform rapid movements. The leaflets fold together, and. 
at the same time, move forward, the secondary petioles lay themselves 
laterally together, while the primary leaf-stalk sinks downwards (Fig 
213, on the right) Leaves thus affected, if left undisturbed, soon 
resume their former position. 

Tlie behaviour of the leaver still more marvellous when only a few of the 
leaflets aie acted uxion by the stimulus Tins is easily demonstiated by holding a 
binning match near the leaflets of one of the ]tmn«e The leaflets directly affected 
by the flame fold quickly upwards, and this movement is pei formed successively by 
each pair of leaflets of the pinna until the articulation with the pi unary leaf-stalk 
is leached The stimulation is then conveyed to the other pinnce, the leaflets of 
which go thiough the same movement m a le verse oidei , finally, the secondaiy 
petioles themselves draw togetliei Suddenly, when the whole process seems 
apparently finished, the mam leaf-stalk m turn makes a downward movement. 
From this leaf the stimulus is able to tiavel still fuithei tlnoughtbe stem, and 
it may thus induce movement in leaves o0 cm distant. 

The movements of the pulvini are due solely to differences in 
turgidity. It has been observed that a sudden escape of water into 
the intercellular spaces takes place out of the cells of the lower or 
irritable side of the pulvinus of the primary leaf-stalk. According 
to the recent investigations of Haberlandt, the conduction of the 
stimulus does not appear to be accomplished by the movement of the 
water thus discharged, but by the mucilaginous contents of sacs which 
are situated m the phloem portion of the vascular bundles, and which 
are easily affected by variations in the hydrostatic pressure. 

The position of an irritated leaf resembles externally its sleep or 
nocturnal position, but m reality the turgor tension of the pulvinate 
motory organ is different. In the nocturnal position the turgor 

IN THE DIFFERENT SIDES OF THE PULVINUS IS UNEQUALLY INCREASED, 
and its rigidity, as a whole, is therefore increased ; in the position 
assumed after a shock the turgidity of the upper and lower sides is 
UNEQUALLY DIMINISHED, and as a result of this process the pulvinus 
loses its rigidity. 

Hotftma, Oxahs acetosella and Biophytum ( Omltdeae ) exhibit similar, 
although less active, movements, under the influence of mechanical 
stimuli. 

The state of rigour sometimes occurring in motile organs may also 
be best observed in Mimosa , for, although so sensitive to the action of 
external influences, it does not exhibit its irritable movements at all 
times Whenever the temperature of the surrounding air falls below 
a certain degree, no movements take place and the whole plant 
passes into a condition known as COLD RIGOUR, while, on the other 
hand, at a temperature of about 40°, heat rigour occurs. Drought 
rigour is induced, just before wilting, by an insufficient supply of 
water, and a dark rigour by a prolonged retention in darkness. 

T 
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In a vacuum, or on exposure to hydrogen and other gases — chloroform 
vapour, etc — movement also ceases, partly on account of insufficient 




oxygen, and partly from the actual 
poisonous action of the gases them- 
selves. If the state of rigour is not 
continued too long, the original irrita- 
bility will again return on the restora- 
tion of normal conditions. 

Tlie movements of lmtability exhibited 
by the staminal leaves of some Berber idaceae 
(Bet bet ib, Mahoma ) and Compositae ( Cynarecte 
and Lirjuhftorac) bear a certain relation to 
those of foliage leaves The bow -shaped 
filaments of the stamens of the Compositae 
.sti aighten upon mechanical irritation. As 
they frequently contract 10-20 pel cent of 
then length, the style becomes extended 
beyond the anther -tube (Fig 214). The 
reduction in the length of the filaments is 
accompanied by a moderate increase m their 
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thickness, due to the elastic contraction of 
the cell walls, and the consequent expulsion 
of -water into the intei cellular spaces The 
stamens of Berbems and Mahoma are only 
sensitive to contact on the inner side near 


I>ei until, s , itanieiis , e, anthei -tube , then base, and as their contiaction occuis 

Inured/’ POlleU ' (After PlEFFEr ’ <*ly on the umer side, the antlieis are thus 

hiought into contact with the stigma Ex- 
amples of variation moiements of caipellaiy leaves may be seen in the flowers of 


miuus, titeobilcinthcs (Goldfussia), Mcatyma, Torenia, and other plants The 
two lobes of the styles of these floweis fold together when irritated Similarly, m 
the flowers of Shjhrhum, a sudden upward movement of the bent style occurs 
when it is irritated by a touch , hut the style then loses its sensitiveness 


VI. Reproduction 

The life of every plant is of limited duration. Death ensues, 
sooner or later, and the decayed remains form a part of the surface 
soil All existing plants are descended from ancestral forms. A 
spontaneous generation of new organisms from lifeless matter does 
not, as far as experience teaches, take place, and all existing vegetable 
life owes, its existence to the capacity inherent m all organisms of 
reproducing their kind. Reproduction is accordingly a vital power 
which .must be exercised by every existing plant species. In special 
cases, it is true, abnormal forms, sports or monstrosities, are produced 
unlike their parent plants , but although they grow vigorously and 
develop a strong vitality, they have lost the capability of giving rise 
to equally strong descendants, or are unable to compete successfully 
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with wild plants in the struggle for existence, and consequently would 
soon die out were they not protected and multiplied by artificial means 
A great number of our cultivated plants belong to this class of artifici- 
ally maintained plant forms. 

It is also evident from the very nature of reproduction that in the 
production of new organisms a process of rejuvenation ,is continually 
being carried on. 

The formation of independently existing offspring necessitates also 
their separation from the parent plant. The formation of a new bud 
by a tree would never be distinguished as reproduction so long as the 
bud remained in connection with the tree as a part of its life. But if 
the bud became separated from the tree and continued its existence as 
an independent plant, that would constitute a form of reproduction, 
and, m fact, this actually takes place in many plants. 

The conditions of the outer world make the still further demand 
upon reproduction, that from it a multiplication of the species should 
result. As the germs after separation from the mother plant do not 
always find the conditions necessary for their development and so, for 
the most part, perish, the extinction of the whole species would soon 
result if a plant produced but a single germ. That in reproduction 
care is taken for the multiplication of the individual in an almost 
spendthrift manner, is shown by a consideration of the innumerable 
spores produced by a single mushroom, or by the thousands of seeds 
contained in the fruit capsule of an orchid. 

Separation, rejuvenation, and multiplication of the individual 
are accordingly the essential requisites of reproduction. 

These requirements are fulfilled by plants in the most varied 
manner. Each great division of the vegetable kingdom has adopted 
its own special method ; and each family and genus, or even the 
different species, are characterised by some peculiar feature of their 
manner of reproduction Systematic botany is so essentially based 
upon the different development of the reproductive organs and their 
functions, that it consists for the greater part of special descriptions of 
the processes of reproduction in tlie vegetable kingdom. 

Rhimerous and varied as these processes are, they are in reality 
but modifications of two different and distinct modes of reproduction. 

The simpler of these, or Vegetative Reproduction, consists in the 
formation of cells or cell bodies which, after their separation from the 
parent plant without undergoing any further change, either germinate 
at once, or develop into new organisms after a period of rest. This 
mode of reproduction, in which the growth and development of the 
parent plant are directly continued, is also distinguished as mono- 
genetic, vegetative, or asexual reproduction. 

In Sexual Reproduction, the second of the two modes of propa- 
gating vegetable life, two kinds of reproductive cells are first formed, but 
neither is directly capable of further development, and both perish m 
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a very short time, unless opportunity is given for their fusion with 
each other. 2s ot until one cell (the female) has fully taken up and 
become inseparably united with the other cell (the male), does it 
acquire the capacity of development and growth. This mode of 
reproduction is designated sexual or digenetic reproduction 

The physiological significance of sexual reproduction is not at once 
apparent In many plants the vegetative mode of reproduction is 
sufficient to secure the necessary multiplication of the species, so that 
plants are able to continue without sexual reproduction. Many 
Fungi, for instance, are reproduced only vegetatively , the cultivated 
Banana, many Diu* (a ear cue, and varieties of the Grape, Orange, Straw- 
berry, no longer reproduce themselves sexually, but are propagated 
solely in a vegetative manner The Garlic, which forms small bulbs 
m place of dowers, the White Lily, and Ranunculus Ficmia , which 
reproduces itself by root tubers, are hardly able to produce good seeds. 
They multiply exclusively by asexual methods without suffering any 
degenei ation. Continued reproduction by vegetative means used to 
be regarded as necessarily injurious. 

Since monogenetic reproduction is sufficient for the preservation of 
the species, sexual reproduction must answer some purpose not 
attained by the vegetative mode of multiplication, for otherwise it 
would be altogether superfluous that the same plant, m addition to the 
vegetative, should also possess the sexual form of reproduction, which 
is so much more complicated and less certain. Even the Mould 
Fungus (Mucoi J Iucttlu), whose vegetative spores (conidia) are very 
widely distributed, occasionally develops sexual reproductive cells m 
specially formed sexual organs. In many of the lower plants (Algae 
and Fungi) it has been shown that the development of sexual cells is 
dependent upon definite external influences. Klebs has demonstrated, 
in fact, that it is possible by regulation of the external conditions to 
induce the non -cellular Alga T r auchena to produce at will either 
non-sexual swarm-spores or sexual cells. In many plants unfavourable 
external conditions apparently give the impetus to a sexual mode 
of reproduction. The sexual product (zygospores of Algae) seems 
better able than the vegetative germs (swarm-spores of Algae) to 
remain a long time at rest, and so withstand the disastrous effects of 
an unfavourable environment No inference can be drawn, however, 
from the function of the sexual germs in this instance concerning the 
necessity for the existence of a sexual, in addition to a vegetative, 
mode of reproduction ; for in other cases it is the vegetative re- 
productive bodies, as, for example, the spores of Ferns and Horsetails, 
which are especially equipped for a period of enforced rest 

What makes digenetic reproduction essentially different from 
monogenetic is the union of the substances of the parents and 

THE CONSEQUENT TRANSMISSION AND BLENDING OF THE PATERNAL 
and maternal properties. As special care is almost always taken 
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m sexual reproduction to ensure that the uniting cells have been 
developed from different individuals of the same species, an equal- 
ising influence is exerted which tends to maintain the permanence 
of the species as a whole Any accidental variations m the form 
or properties of one individual of a species would, through crossing 
with others normally developed, disappear in the descendants, while 
the descendants by vegetative reproduction would retain them. A 
phenomenon of not infrequent occurrence, and one which shows, on 
the other hand, the persistency with which inherited attributes are 
retained m sexual reproduction, is the unexpected reappearance m the 
descendants of the attributes of former generations (atavism). 

"While, on the one hand, sexual reproduction tends to maintain the 
unchangeability of the form by abolishing isolated variations, on the 
other hand, variations may be confirmed in the descendants when they 
were similarly manifested by both parents As a result of the union 
between individuals of different varieties, or species, or even of differ- 
ent genera (>f Hybridisation, p 289), offspring may be produced 
■which, if not steiile, have a remarkable tendency to variation and 
so to the formation of new forms 

It is in this influence exerted upon the quality that the chief 
difference between sexual and vegetative reproduction is shown By 
VEGETATIVE REPRODUCTION THE QUANTITATIVE MULTIPLICATION OF 
THE INDIVIDUAL IS SECURED, WHILE BY SEXUAL REPRODUCTION A 

qualitative influence is exerted, which is of the greatest import- 
ance for the continued existence of the species Sexual reproduction 
might therefore be spoken of as the qualitative reproduction of 
the species, and vegetative reproduction as the QUANTITATIVE repro- 
duction of the individual. The vegetatively produced progeny consist 
of unmixed descendants , the sexuallj' produced offspring, on the other 
hand, are the result of a blending of the parents 

Vegetative Reproduction 

Vegetative reproduction, the purely quantitative character of 
which as a mere process of multiplication has been emphasised, exists 
generally throughout the vegetable kingdom, and but few plants, some 
of the Conifers and Palms, are altogether devoid of it. Mention has 
already been made in considering artificial propagation (p. 228) that, 
from the separate parts or single cells, or even from the naked 
energides (Siphoneae) of many plants, the regeneration of a new and 
perfect individual may ensue. In vegetative reproduction the process 
is similar except that the separation of the part from the parent plant 
is an organic one, occurring in the natural course of development 
The vegetative form of reproduction is manifested in various aspects, 
and may he distinguished as a multiplication by means of multicellular 
vegetative bodies (budding), or by single cells (spore-formation) 
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never under ordinary circumstances exposed to the light, often exhibit 
heliotropic irritability. Positive heliotropism is the rule with aeiial 
vegetative axes. Negative heliotropism is much less frequent , it is 
observed in aerial loots, and sometimes also in climbing roots (Ivy, 
Fmi» stipnbrfa, Begonia maiden*), in the liypocotyl of germinating 
Mistletoe, in many, but not all, earth roots (Sincqns, Hehantlms), in 
tendrils (chiefly m those with haptera or holdfasts), and in the stems 
of some tendril- climbers. By means of their negative heliotropic 
character, the organs for climbing and attachment turn from the light 
towards their support, and are pressed firmly against it 

Negative ludiotropic, curvatures, are occasionally produced, not in the region of 
luo-.t iapid giimth, but m the older and more slowly growing portions of the stem. 
Thesttm-Mjf TfHpacnhun nvijus, loi example, exhibit positive heliotropic curvatures 
m the legion ot then greatest elongation , but lower down the stems, with the 
re fcai datum ot then growth, they become negatively hehotropic. 

Transverse heliotropism is confined almost solely to leaves and 
leaf-like assimilatory organs, such as Fern prothallia and the thalli of 
Liverworts and Algae In these organs transverse heliotropism, m 
conformity with its great utility for assimilating, predominates over all 
other motory stimuli. Thus it is possible to cause the leaf-blades of a 
Mali a or a Ttopueolum to turn completely over by illuminating their 
under surfaces by means of a mirror The leaf-blades themselves, 
and also the thalli of the Cryptogams, are capable of carrying on 
transversely heliotropic movements, vdnle the movements of the 
growing portions of leaf-stalks seem to be influenced by their leaf- 
blades 

Iu too blight light the transverse position of the leaves becomes changed to a 
position moie or less m a line with the direction of the more intense light rays 
In assuming a moie peipendicular position to avoid the direct rays of the nud-day 
sun, the hat-blades ot Lacfiaa Seanola and the North American Silphium lacmia- 
tuui necessanly take the direction of noith and south, and so are often referred to 
as t ompasn plants. (As regards the vertical position of phyllodes, m connection 
with winch may be mentioned the vcitieally -placed leaves of many Myitaceae and 
Pi utcua a i . see p 19." ) 

The hehotropic character of organs may change through the activity 
of external influences, and also at different stages of their development 
and growth ; just as m the case of the heliotactic swarm-spores, the 
higher plants m ordinary light may be positively, and in very intense 
illumination negatively hehotropic. The youngest portion of the shoots 
of Ivy and Tropaeolim are positively heliotropic, while the lower and 
older poitions turn away from the light. The flower-stalks of Linana 
cymbalo no are at first positively hehotropic. After pollination, how- 
ever, they become negatively hehotropic, and as they elongate they 
push their fruits into the crevices of the walls and rocks on which 
the plant grows, and thus assure the lodgment of the seeds and the 
possibility of their future germination. 
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B. Geotioianu) 

That the stems of trees and other plants should grow upwards and 
their roots downwards, is such a familiar occurrence and so necessary 
for the performance of their respective functions as to seem almost a 
matter of course. Just as in the discovery of gravitation, it required 
an especially keen spirit of inquiry to lead to the investigation of 
this everyday phenomenon. The fact that everywhere on the 
earth, even on the sides of the steepest mountains, stems take a 
perpendicular direction ; and that, while buried m the earth, this same 
direction is assumed with certainty bv terminating seeds and growing 
shoots ; and chiefly the fact also that a shoot, when forced out of its 
upright position, curves energetically until it is again perpendicular, 
led to the supposition that the cause of these phenomena must be in a 
directive force proceeding from the earth itself The correspondence 
in the behaviour of a stem in always assuming a perpendicular position, 
with the continued maintenance of the same dnection by a plumb-line, 
suggested at once the force of gravitation, and the English investigator 
Knight, in 1809, demonstrated that the attraction of gravitation, m 
fact, exerted an influence upon the direction of growth. As Knight 
was not able to nullify the constantly operative influence of gravity 
upon plants and so directly prove its influence, he submitted them to 
the action of centrifugal force — an accelerative force operating like 
gravity upon the masses of bodies, and which had, in addition, the 
advantage that it could be increased or diminished at will. Knight 
made use of rapidly rotating, vertical wheels, upon which he fastened 
plants and germinating seeds m various positions. The result of his 
experiments was that the stems all turned towards the centre of the 
wheel and the roots directly away from it. On wheels rotating m a 
horizontal plane, where, m addition to the centrifugal force, the one- 
sided action of gravitation was also still operative, the shoots and 
roots took a definite middle position , the shoots and roots still grew 
in opposite directions, but their line of growth was inclined to the 
plane of rotation, at an angle dependent upon the rotating velocity. 
The position thus assumed was evidently the result of the combined 
action of the centrifugal force and gravity, which was manifested m 
the directions taken by the plants according to their comparative 
strength and respective influence on growth. In this way it was posi- 
tively ascertained that terrestrial gravitation determines the positions 
of plant organs in respect to the earth. 

Later, it was also shown that not only the perpendicular direction 
of stems and primary roots, but also the oblique or horizontal direction 
taken by lateral branches, roots, and rhizomes, is due to a peculiar 
reaction towards the force of gravitation. 

The property of plants to assume a definite position with respect 
to the direction of gravitation is termed geotropism. It is customary 
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also, as in tlie ease of heliotropism, to speak of positive and negative 
geotropism, diageotropism, and transverse geotropism, according to 
the position assumed by the plant or organ with respect to the centre 
of the earth. Still another form of geotropic irritability, lateral geotro- 
pism, renders possible the winding of stem-climbers. 

Negative Geotropism. — All vertically upward growing organs, 
whethei sterns, leaves (Lilufloute), flower-stalks, parts of flowers, or 
roots (sueli as the respiratory roots of Avicennas, Palms, etc.), are 
negatively geotropic. In case such negatively geotropic organs are 
forced out of their upright position, they assume it again if still capable 
of growth. As in heliotropism, GEOTROPIC CURVATURE RESULTS FROM 
THE INCREASED GROWTH OF ONE SIDE AND THE RETARDED GROWTH OF 
the opposite side ; and the region of greatest growth is, in general, 
aLo that of the greatest curvature. In negatively geotropic organs, 
growth is accelerated on the side towards the earth , on the upper side 
it is retarded. In consequence of the unequal growth thus induced, 
the erection of the free -growing extremity is effected. After the 
upright position is again attained, the one-sided growth ceases and the 
organ continues to grow’ m an upward direction. 

The pioeess of negative geotiopiu mo\ exnent is dependent (1) upon the vigour 
of the existing giowth . ',2j upon the sensibility of the oigan, (3) upon the fact 
that the stimulus of grawtj v, oiks most eneigetically when the apex of the ortho- 
tiopn. oigan is removed about 13o J fiom its position of geotropie equilibrium, 
the more neatly the zone capable of ennatuie approaches this position, the 
'tiougn is the motoiy stimulus , (4) and, also, upon the fact that after a stimulus 
lias ceiled to act upon a plant, the induced stimulation continues to pioduce so- 
calh d vi rnit-iFS 3 rr>, j uvt as In a momenta! y stimulus of light an after-perception 
pei&ists m the eye 

These cousideiatious deteiimne the actual conise of the directive movement of 
geotiopisin, which, as will be seen fiom the adjoining figure (Fig 202), does not 
consist merely of a simple, continuous cuivatiue. The numbers 1-16 show, dia- 
grammatic all\, difieient stages m the geotropic election of a seedling grown m senu- 
daikness and placed m a honzontal position (No 1) The growth in the stem of 
the seedling is stiongest just below the cotyledons, and giadually deci eases tow'aids 
the base Tlu cuivatuie begins accoidmgly close to the cotyledons, and pioceeds 
gradual ]y down the stun until it reaches the lower, no longer elongating, potions. 
Tluougli the downward movement of the curvatuie, and partly also through the 
aftei -effect of the ongmal stimulus, the apical extremity becomes bent out of the 
perpendieulai (No 7), and m this way a curvature in the opj>osite duection takes 
place Thus, undei the influence of the stimulus, the stem bends backwards and 
fox wards, until, finally, the whole glow mg portion becomes erect and no longer 
subject to the one-sided action of the geotropic stimulus (A good example of ex- 
cesane euivature bevond the vertical is affoided by vigorously growing aenal 
shoots of Hipjntns cuhjctns ) Analogous phenomena to those here described are 
exhibited m the case of all paratonic cui vatures of grow tli. In case of a different 
distiihution and lapidity of giowtli, oi of the unequal sensitiveness, rigidity, or 
thickness of the organ, as w ell as in the case of a difference m its position at the 
commencement of the ciuvature, the process, as indicated m the figure, is corre- 
spondingly modified. 
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Positive Geotropism, on the other 
hand, is observable m tap-roots, in many 
aerial loots, and m the leaf -sheaths of the 
cotyledons of manv monocotyledons which 

v v ti 

penetrate the earth during germination. 
All these organs, when placed in any other 
position, assume a straight downward 
direction and afterwards maintain it. 
Formerly, it was believed that this re- 
suited solely from their weight and the 
pliancy of their tissues. It is now known 
that this is not the case, and that posi- 
tive geotropic, like negatively geotropic 
movements, are possible only through 
growth. The power of a downward 
curving root-tip to penetrate mercury 
(specifically much the heavier), and to 
overcome the resistant pressure, much 
greater than its own weight, proves con- 
clusively that positive hehotropism is a 
manifestation of a vital process Posi- 
tive geotropic curvature is due to the fact 
that THE GROWTH OF AN ORGAN IN 
LENGTH IS PROMOTED ON THE UPPER SIDE, 
AND RETARDED, EVEN MORE STRONGLY, 
ON THE SIDE TURNED TOWARDS THE 

earth. A young germinal root of Vient 
Falxt, growing vertically, elongated equally 
on all sides 24 mm ; when placed hori- 
zontally, it exhibited a growth of 28 mm. 
on the upper and of only 15 mm. on the 
lower side A root of Cubtauea irsta , 
with a growth in a vertical direction of 
20 mm, showed, in a horizontal position, 
a growth of the upper side of 28 mm. 
and of the under of only 9 mm In 
these experiments, by marking with 
Indian ink, the unequal elongation in the 
downward curvature may be demon- 
strated by the greater divergence of the 
marks on the upper than the lower 
side , it is also evident that, as in 
negative hehotropism, the curvatuie 
takes place in the region of greatest 
elongation (Fig. 203). As the portion 



Fig 202 — Difteient stages m the pm- 
eest. of geotropic movement The 
tiguieb, 1-ld, indicate sttceessn e 
stages in the gent topic eur\ature of 
a seedling grov\ n m syini-darlvness , 
at 1, plated honzontally s at lo, ler- 
tical For description of mtennedi- 
ate btage&j seete\t. (Diagrammatic ) 
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curvature, as m the case of negatively geotropic stems, takes 
place. 

Diagreotropism. — Most lateral branches and roots of the first order 
are diageotropic, while branches and roots of a 
higher order stand out from their parent organ 
in all directions. Diageotropic organs are 

ONLY IN A POSITION OF EQUILIBRIUM WHEN 
THEIR LONGITUDINAL AXES FORM A DEFINITE 

ANGLE WITH THE LINE OF THE ACTION OF 

gravity. If forced from their normal mclina- 
2 . tion they return to it by curving. A special 

instance of diageotropism is exhibited by 
strictly horizontal organs, such as rhizomes and 
stolons, which show a strictly TRANSVERSE GEO- 
tropism, and, if removed from their normal 
position, their growing tips always return to the 
horizontal. A more complex form of geotropic 
orientation is manifested by dorsiventral organs. 
These, m contrast to radial organs, such as most 
roots and stems, are not developed on a uni- 
form plan on all sides, but show two usually 
externally perceptible different sides — a dorsal 
and a ventral side. The foliage leaves of 

and zygomorphic flowers 
(A at it Annum, Acanitum, etc ) furnish pronounced 
examples of dorsiventral structure All such dorsiventral organs, 
just as radial organs that are diageotropic, form a definite angle 
with the direction of gravity, but are only in equilibrium when 
the dorsal side is uppermost If, m spite of the proper inclination of 
the longitudinal axis, the dorsal side should he underneath, it elongates 
until it comes back again into a dorsal position. 


Fia 203 — Geotropic cin\a- 
tnre « »f tlie i oot ol a seedling 
of Fnbc 7, Plated 

horizontally; 77, after 
se\en lioiir-s , 777, after 


t\.emv-tlnte h«mrs , A, a 1 

fixed mdex (After Sack-.) m0st UlCOtyieclOnS 


A state of torsion often lesults from the orientation movements of dorsiventral 
organs to leeover from abnormal positions Similarly, a torsion must also, of neces* 
sitj , occur when a geotropic organ, which has become curved over toward its parent 
axis., turns itself about so as to face outwards (exotrovism) The rotatioTi of the 
o\ dries of many Gi (Jiiclaeeae, of the flowexs of the Lobcliacectc, of the leaf-stalks on 
all hanging oi oblique blanches, of the originally reversed leaves (with the palisade 
paienehyma on the undei side) of the Alstroemenac, and of Allium uisitwm, all 
aliord familiar examples of tension regulaily occurring in the process of ouentation 

Stem ** Climbers. In addition to the better - known forms of 
geotropism already mentioned, stem-climbers exhibit a peculiar and 
only recently recognised geotropic movement, by means of which they 
are enabled to twine about upright supports This movement depends 
upon the geotropic promotion of the growth of one side (not, as in 
negative or positive geotropism, of the upper or lower portions). * Thus 
a geotropic curvature in a horizontal plane is produced (lateral geo- 



>Ecr. ii 


PHYSIOLOGY 


25 9 


tropism), resulting m a revolving motion of the shoot apex. Stem- 
climbers occur in very different plant families ; and although an upward 
growth is essential to their full development, which they do not attain 
if left on the ground, their stems are not able of themselves to main- 
tain an erect position. The erect stems of other plants, which often 
secure their own ngidity only through great expenditure of assimilated 
material, are made use of by stem-climbers as supports on which to 
spread out their assimilatory organs in the free air and light. The utili- 
sation of a support produced by the assimilatory activity of other plants 
is a peculiarity they possess m common with other climbers, such as 
tendril- and root-climbers. Unlike them, however, the stem-climbers ac- 
complish their purpose, not through the use of lateral clinging organs, but 
by the capacity of their main stems to twine about a support. The first 
internodes of young stem-climbers, as a rule, stand erect. By further 
growth the free end curves energetically to one side, and assumes a 
diageotropic, more or less oblique or horizontal position. At the same 
time the inclined apex begins to revolve in a circle either to the right 
or to the left. This is the movement which it has been customary to 
speak of as ‘‘revolving nutation/’ but which it is better to term 
revolving movement The expression “ nutation ” is not m this case 
correct, as by it are understood autonomic movements , while the 
REVOLVING MOVEMENTS OF STEM -CLIMBERS RESULT FROM THE EX- 
TERNAL simulus of geotropism, which causes a promotion of growth 
in either the right or left side of the young internodes of the inclined 
shoot apex. As a result of this, a movement towards the other side 
is induced. On account of the direct connection of the apex of the shoot 
with the lower erect internodes, this revolving movement necessarily 
gives rise to a similar rotation of the revolving apex on its longitudinal 
axis. Through this rotation the torsion, which would otherwise be 
produced by the revolving movement of the inclined tip of the shoot, 
is released. (This process will at once become apparent by imitating 
the movement with a rubber tube ) Thus the apex of a stem-climber 
sweeps round m a circle like the hand of a watch, and rotates at the 
same time like the axle to which the hand is attached. Through this 
rotatnJn of the shoot apex, the part of the stem subjected to the 
action of the lateral geotropism is constantly changing ; and the revolv- 
ing movement once begun, must continue, as no position of equilibrium 
can be attained 

Without the constant and unchanging action ot giavitation in deteimimng the 
diiection of the revolving movement, the twining of a shoot continuously about a 
support is hardly conceivable It is accoidingly not without reason that the re- 
volving movement is a continuous, fixed, geotropic movement, and not an autonomic 
nutation without definite directive foiee Lateral geotiopism is a physiological 
lequisite foi the climbing, and the existence ot stem -climbers as such is dependent 
upon this peculiar foim of geotiopism To this dependence, however, is also due 
the fact that stem-climbeis can only twine about upnght or slightly inclined sup- 
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port-. Tin's is, it is true, a limitation to then povvei of climbing, but one which 
is not without advantage, for the plants aie thus constrained to ascend to heer 
light and an 


When an upright support occurs anj where in the immediate neigh- 
bourhood of the apex of a climbing shoot it is suie to be discovered. The 
apical extremity, of which the movement is but little disturbed by the 

leaves, which remain for a long time undeveloped, 
is forced by its lateral geotropism against the 
support, and by its next revolutions twines around 
it. If the support be thin, the coils, at first 
almost horizontal, are only loosely wound about 
it. Later they become more spiral, and so wind 
more tightly This is accomplished by the ulti- 
mate predominance of negative geotropism in 
the coiled portions of the stem, which tends con- 
tinually to draw out the coils and make the 
stems upright This action of negative geotro- 
pism is well shown in the case of shoots which 
have formed free coils without a support (Fig 
204) By the resistance offered by the supports 
to the complete elongation of the spiral stems, 
the shoots are held firmly m position. In many 
twining plants the roughness of their surfaces 
(due to hairs, bristles, hooks, furrows) also 
assists in preventing the shoots sliding down 
their supports The autonomic torsion arising 
in the older portions of the stems is also of 
assistance m holding climbing plants, especially those with furrowed 
stems, tightly wound about their supports The twining of stem- 
climbers, as well as the attachment to their supports, is due to geo- 
tropie processes of growth, and not, as m tendril-climbers, to contact 
stimuli. 



bj tl felllHlt ot JpfhlbJl It pH * - 
P* tu* (From Dktmff’s. 
Pit l’n'tt ) 


In addition to the autonomic torsion.', a toision from puiely mechanical causes 
uttessauly manifested m the elongation of the coils of a twining stem which are 
at first neaily hou/ontal, so far at least as it is not equalised by the free mov ement 
of the apex t To make this toi ni of torsion appai ent, it is only necessary to hold 
fhmly the mnei end of a horizontal coil ot mbbei tubing, and diaw out the othei 
end until the tube is stiaight If a maik has prev lously been diawn along one side, 
"ay the convex side of the tube, its position, aftei the tube lias been extended, 
will show cleailv the actual toi&ion that has taken place ) 

From their manner of winding, stem - climbers can twine only 
around slender or, at the most, moderately thick supports. Here 
again is a limitation to their powders of climbing ; but in" this instance 
also the limitation has its advantages, for by climbing the trunks of 
large shade trees, these plants, which require the unobstructed light, 
would be placed in an unfavourable position. 
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The direction of the revolving movements, and accordingly also of 
the windings, of most stem-climbers is constant. The twining stems 
are for the most part sinistrorse (Corn oh ulus, Phnseolu% Pharbihs, 
etc ) Seen from above, the windings run from the north towards the 
west , that is just the reverse of the movement of the hands of a watch 
Viewed from the side, the windings ascend the support from the left 
below to the right above (Fig 205). Dextrorse stem-climbers with 



F?r. 205 — A Minitiorse stem-clnnbei Tig 20o — A ue\troise -.tem-chinbei, 

Phoibitt n Ju^uth* The uppei stphtiUuni dyom/oo/is The 

lea\e& remain &>mall lor a lon^ •dinrt lateral shoots have de- 
time \ eloped phj llocladia 

windings from east to west occur less frequently (Hop, Honeysuckle, 
Polygonum Convolvulus , etc ) In the example chosen for illustration 
(Myrsiphyllum aspai agonies, Fig. 206) the undeveloped condition of the 
lateral members in comparison with the elongated internodes of the 
stem is very apparent A very few plants, such as Blumenbochia 
late ) ihn, Hibbei ha ilentata , and Snjphantus, seem able to climb equally well 
either to the right or to the left. A similar irregularity is shown in 
Solannm Dulcamara , which, however, rarely winds, and then only under 
special circumstances. 
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Wiit'ii tin. apex of a bini^tioi^e shoot 2 >oint^ tow aids the north, it is the east 
sirli ,»t which tin* "iow th is promoted hv geotropism ; in dextrorse climbers, on the 
contrail the ginwth ot the west side is nioie iaj>id That the same stimulus affects 
m diffen nt plants the giowth of opi>os>ite sides, may be explained by the difference 
m tin anangement of their imtable struct uies (tlirough their leversed position) 
within the oigan Fiom the fact that the piomotion of growth occurs always on 
the vtm* side, it will be apparent that the apex of an mveited twining stem must 
unwind fiom its support ("Concerning the behaviour of stem -climbers on the 
Khno-tat. eompaie p. 264 ) 


Curvature of Grass -Haulms. — All the examples of geotropie 
movements, so far observed, took place m the growing portions of 
plants, and whether occurring in unicellular or multicellular organs, 
were due to a disturbance of the course of growth. A curvature even 
of ligmfied twigs can also be produced by the one-sided stronger 
growth of the cambium and of the young secondary tissues. Even 
many-year-old branches of Conifers are all able, although slowly, to 
exhibit geotropic curvatures. The nodes of grasses show that 

RESTING TISSUES ALSO CAN BE EXCITED TO NEW GROWTH BY THE 


stimulus OF gravitation. The knot-like swellings on the haulms 
of the Grasses are not nodes in a morphological sense, but are 
cushion-like thickenings of the leaf- sheaths above their actual in- 
sertion on the shoot axis. The part of the stem thus enveloped 
is very tender and flexible. "When a grass-haulm is laid horizontally, 
which not unfretjuently occurs through the action of the wind or 
rain, the nodes will begin to exhibit an energetic growth on their 
lower sides. As the upper sides of the nodes take no part in the 
growth, but are instead frequently shortened through pressure and 
0 loss of water, knee -like curvatures are 



Fiu 207 — Gcotiopic election of a 
5,1 Uui.l'u h} the curvature of 
a nuile. 1 , Placed liou/oittallj , 
Dnth r j) oi tin node 

uf equal length , 2 , the 
uuder sale O) lengthened, the 
uppei &nle (n) somewhat slioit- 
ein d , as a le^ult r»l the eunature 


formed at the nodes, by means of which 
the haulm is again quickly brought to an 
erect position (Eig 207). In this way laid 
corn is able to right itself Similar curva- 
tures to those of the grass nodes may 
be produced in the true nodes of the grass- 
like Dianthi , and of the Polygonaceae Poly- 
gonum , Pin iiex) and Commelmaceae ( Trade 
cantio). 

Modifications in the character of the geo- 
tropism, as of the heliotropism, of an organ 
may be occasioned by the operation of in- 
ternal as well as external influences. Such 


raHWl c ^ an S es their geotropic position frequently 
.uiaimvu .■> occur, as Vochting has demonstrated, dur- 

ing the development of flower-buds, flowers, and fruits (buds and flowers 
of Payurer, flowers and fruits of Aqmlegio , Detyhinmm, Aconitum , and 
in the burial of the fruit of Ti {folium mibten aneum, Aiachis hyjjogaect, etc ). 



SECT II 


PHYSIOLOGY 


20 S 


Of the changes in the geotropic conditions of plant organs due to 
external causes, those are particularly noticeable which result from a 
failure of a sufficient supply of oxygen, by which, for example, roots 
and rhizomes are made negatively geotropic. And even more im- 
portant are the modifications arising from the action of light, by 
which the geotropic irritability of rhizomes and foliage leaves may 
be so modified or weakened as to permit of more advantageous 
heliotropic positions. 


C. Hydiutiopism , Cuhtntiojji'iin, Themtotiopum, etc 

Whenever any external force or substance is important to the 
vital actnity of a plant or any of its organs, there will also be found 
to be developed a corresponding irritability to their influences. Roots 
m dry soil are diverted to more favourable positions by the presence 
of greater quantities of moisture. The force of this positive hydro- 
tropism may be so great as to overcome the geotropic equilibrium of the 
roots, and thus give rise to h\drotropic curvatures. Conversely, the 
sporophores of many mould Fungi avoid moisture To this pioperty is 
due the fact, so advantageous for the distribution of the spores, that 
their sporangiophores grow directly away from a moist substratum. 
Corresponding to the chemotactic irritability of Bacteria and spermato- 
zoids, roots, fungus hjphse, and pollen tubes exhibit positive and 
negative CHEMOTROPIC curvatures. These vary according to the 
concentration of the solution, so that an attractive substance, at a 
higher concentration, may act repulsively. Thermotropism (due to 
the stimulus of heat), Rheotropism (occasioned by the direction of 
water currents), and Aerutrqpism, a form of chemotropism, are 
additional phenomena, which have been distinguished as arising from 
the special action of external stimuli, and which stand in direct rela- 
tions to certain vital requirements of plants. 

In the case ot electropisM, which has also Leen demonstrated m plants, no 
such essential 1 elation? have been discovered , the disposition of plant organs m a 
direction contraiy to that of an electric cunent, seems m no way to a fleet then 
glow tli The fact of the existence of electiopism m plants shows clearly that an 
111 liability may be present, from which no direct benefit is ordmauly derived, and 
which accoidmgly could not have been attained by natural selection 


D. The Method of Slow Rotation — The Klino*tut 

All the curvatures of growth previously discussed have been in- 
duced by the one-sided action of stimuli, the source of which determined 
the direction of the movements as well as the position of equilibrium. 
An influence operating equally on all sides is unable to produce a 
curvature in an organ of which the irritability is equally developed on 
all sides In like manner no curvatures can take place when the plant is 
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uniforaily rotated, with a velocity sufficient to preclude the continuous 
operation of a stimulus on any one point long enough to occasion a 
one-sided growth As in that case, no one side will be exclusively 
acted upon, but the growth of all will be equally promoted or retarded , 
the action of external influences, although exerted m only one direction, 
will be equalised. On this account the “method of slow rotation,' 5 
originally instituted by Sachs, is of great assistance m the observation 
and investigation of the phenomena of movements By means of it, 
hehotropic movements due to one-sided illumination may be prevented 
without the necessity for either exposing the plants to the injurious 
effects of continued darkness, or providing for an equal illumination on 
all sides. This method is, moreover, of especial value in investigating 
the movements due to the action of gravitation, for it is not possible 
to exclude its influence, as it is those arising from light, definite 
temperature, oxygen, etc. 

When plants are slowly rotated on a horizontal axis, t he 

ONE-SIDED ACTION OF GRAVITATION IS ELIMINATED AND GEOTROPIC 
CURVATURE is thus prevented m organs which react equally on 
all sides. The rotations are best produced by the klinostat, 
an instrument by means of which an exactly horizontal axis is 
rotated by clock-work. That geotropic curvatures of radial organs 
are, in fact, precluded by means of the klinostat, furnishes a re- 
markable corroboration of the result of Knight’s experiments, and 
may also be regarded as a further proof that such curvatures are due 
to terrestrial gravitation. Through the equalisation of the action 
of external directive influences, radial portions of plants exhibit on 
the klinostat only such movements as arise from internal causes. 
The most important of these autonomic movements are those resulting 
m epinastic and hyponastic curvatures (p. 249), and the retrogression 
of recently formed paratomc curvatures through longitudinal extension 
(autotropism) 

Such autonomic movements should not be confused with those exhibited by 
doi»n entral organs on the klinostat, m consequence of the unequal lintability of 
then different .sides Through the special irritability of the dorsal side (#. 258 ) 
of foliage lea\es and zygomorphic flowers, it is during their lotation more strongly 
acted upon by geotiopic influence than the ventral side , as a result of this cuiva- 
tmes aie produced which so closely resemble those resulting from, epmasty that 
they were for a long time actually considered as such When stem-climbers aie 
lotated on the klinostat, their levohing movement ceases, the part of the stem 
capable ot giowtli unwinds and .straightens, and afteiward exhibits only irregular 
nutations. It is thus evident horn their behaviour that their winding and par- 
ticularly their i evolving movements are dependent upon geotiopism 

E. Curvatures induced by Contact Stimuli 

The protoplasm of plants, like that of animals, exhibits an irritabilitv 
to contact, whether momentary or continuous This is apparent, 
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not only from the behaviour of the naked protoplasmic bodies of 
spermatozoids, swarm-spores, plasmodia, and amcefoe, but also from 
the reactions manifested by walled cells and by whole organs, the 
functions of which may be so disturbed by the action of mechanical 
stimuli that death ensues. 

The almost universal irritability of vegetable protoplasm to 
mechanical stimulation is utilised by a number of plants for the 
production of movements which lead to their ultimate attachment to 
the irritating body. Tendril-climbers, in particular, have developed 
this irritability to contact stimuli as a means of attaching themselves 
to supports ; and in that way are enabled to elevate their assimilating 
and also their reproductive organs into more favourable situations. In 
the case of twining plants which possess similar powers of climbing, 
the process of elevation, as has already been shown, is accomplished 
by means of the geotropic irritability of the stems themselves. In 
the case of tendril-climbers, on the contrary, the attachment to the 
support is effected, not by the main axis of the plant, but by lateral 
organs of different morphological character. These may either main- 
tain, at the same time, their normal character and functions, or, as is 
usually the case, become modified and as typical tendrils serve solely 
as climbing organs The support operates, moreover, not as a 
hindrance to a movement previously induced, as in the case of stem- 
climbers, but itself produces curvature in the tendrils in consequence 
of contact or friction. The contact of a tendril with a solid 

BODY ACTS UPON ITS GROWTH IN SUCH A WAY THAT THE ELONGATION 
OF THE CONTACT SIDE IS ARRESTED, WHILE THAT OF THE OPPOSITE 
SIDE is promoted. As a result of this, a sharp curvature of the 
tendril ensues, which coils it about the support The more slender 
the tendrils and the stronger their growth, the more easily and 
quickly 7 this process occurs. Through the tendency of the curvature 
to press the tendrils more and more firmly against the support, deep 
impressions are often made by them upon yielding bodies, soft stems, 
rubber tubing, etc. 

In the more typically developed tendrils the curvature does not 
remain restricted to the portions directly subjected to the action of 
the contact stimulus. Apart from the fact that, in the act of coiling, 
new portions of the tendrils are being continually brought into contact 
with the support and so acted upon by the stimulus, the stimulation to 
curvature is also transferred to the portions of the tendril not in 
contact with the support. Through the action of the propagated 
stimulus, not only is the free apex of the tendril turned more quickly 
around the support, but a tendency to curvature is imparted to the 
portion of the tendril between the support and the parent shoot. As 
it extends between two fixed points, this tendency causes it to coil 
spirally, like a corkscrew. With the spiral coiling, a torsion is 
produced, and, on account of the fixed position of the two end 
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can then spring directly from the Fern-leaf (apospory, in varieties of 
Athynum and Aspidium). 

The Dissemination and Germination of Seeds 

If the seeds after their separation from the parent plant simply fell 
upon the earth, the young seedlings would be injuriously restricted to 
the place already occupied by the parent plant, and would also spring 
up in such large numbers that they would mutually exterminate each 
other The dissemination of the seeds thus becomes a necessity, and 
although a larger or smaller proportion perish in the process, a small 
number eventually find themselves in a favourable environment. 

For their dissemination, seeds make use of the same agencies as 
are employed for the conveyance of pollen. Thus their dispersion is 
effected by means of currents of air and water ; by their forcible dis- 
charge from their receptacles ; by animals , and also by their accidental 
transportation by railroads and ships. 

To ensure the disjiersal of seeds by the wind, all those contriv- 



Fig 220 — Winged seed of Bignnntu muaonota (Nat size ) 


ances are of use which serve to increase their superficial area with but 
small augmentation of their weight. Of this nature are the hairy 
appendages of seeds and fruit-walls, as m Gossypium, Epilobmm, Populus, 
Salix, Typha, Clematis, and the fruits of the Compositae with their 
pappus, of Valeriana, etc. Compared with the accelerated fall in a 
vacuum, the retardation exerted by the resistance of the air (by which 
the opportunity for dispersal through the agency of the wind is 
enhanced) in the case of Cynana Scolymus is, in the first second, as six 
to one. Similar adaptations for utilising the agency of the wind as a 
means of dispersal are the wing- like appendages formed from the 
expansion of the sepals ( Dipterocai pus ) or of the ovary {Acer, Fraxinus, 
Ulmus , Polygonum , Robinia, Gleditscha, and the fruits of many Umbelh- 
ferae ), or of the seeds themselves, as m the wmged seeds of the 
Bignontaceae (and many Ternsti oennaceae) 

In a Bignoma seed (Fig. 220), with its widely outspread, glossy 
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wings, the centre of gravity is so disposed that the seed floats lightly 
along through the air in an almost horizontal course, and with a 
motion like that of a butterfly. The seeds of Zcmonia , one of the 
are very similarly equipped. In the Lime the subtending 
leaf which is attached to the inflorescence is retained to facilitate the 
dispersal of the seeds by the wind ; and in the seeds of the Fir the 
winged appendages are derived from the tissue of the placental scale. 
The aerial transportation of seeds and fruits, winged only on one side, 
is accompanied by a continuous spirally twisting movement which 
assists to retard their fall. 

The diminutive size of many reproductive bodies, and the propor- 
tionate enlargement of their surface in comparison with their volume, 
increase their buoyancy Microscopically small Fungi, spores, and 
Bacteria are in consequence easily transported by the wind. In the 
spores of Lyevpu don caehtum Dingler found the retardation to be as 
1 to 1000, which, according to Nageli, could only be theoretically 
explained by the supposition that the retardation was intensified by a 
thin layer of air permanently adhering to the surface of the spores. 

Seeds and fruit are also frequently transported great distances by 
the agency of water. In the case of maritime plants the seeds are 
often especially adapted (water-tight tissues, large air-spaces serving 
as swimming-bladders, etc ) for transport by ocean currents. Through 
the possession of such devices, the seeds of West Indian plants are 
carried to Norway by the Gulf Stream, and the appearance of Cocoa- 
nut palms as the first vegetation on isolated coral islands is m like 
manner due to the adaptation of their fruits to transport by water. 

Animals participate largely in the dissemination of seeds , either 
by eating the agreeably tasting and often attractively coloured fruit, and 
excreting the undigested seeds, or by their involuntary transportation 
of seeds and fruits which have become in some way attached to them. 
This is effected in many cases by hooks and bristles (Lappa, Galium 
Jeanne, Hahns, Echiuospennum, Xanthium, and the fruits of Medicago 
minium, so common in sheep’s wool and erroneously termed wool- 
lice) Or the seeds become attached to animals by means of some 
sticky substance ; in this way the seeds of the Mistletoe, which stick 
to the beaks of birds eating the berries, finally adhere to the branches 
of trees upon which the birds wipe their bills. The widespread 
distribution of fresh-water plants can only he accounted for through 
the agency of aquatic birds. & 

The natural distribution of plants has been greatly modified by 
the interference of man, especially in these days of universal commercial 
intercourse by rail and sea. By their instrumentahty not only have 
the useful plants been widely distributed over the earth, but the weeds 
have followed in the same way ; and many a seed thus accidentally 
carried to other lands has finally found there a new place of growth. 

The forcible discharge of spores and seeds is effected by the 
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sudden liberation of hygroscopic or tissue tensions It has alreadj 
been mentioned that the capilhtia of the Myxomvcetes and the 
elaters of the Liverworts serve for the dispersal of the spores. In 
the case of the Box (. Bitxus ), the smooth seeds are forcibly discharged 
by the contraction of the pericarp, like a bean pressed between the 
fingers. The dry fruit of Hunt nepitans bursts apart with a report 
like that of a pistol, and is scattered in pieces far and wide. The 
turgescence and elasticity of the cell- walls give rise to the tension 
which results m the forcible discharge of the sporangia of Pilobolus , and 
in the ejection of the ascospores of many Ascomvcetes. The bursting 
and rolling up of the segments of the seed-vessels of Impatiens , by 
means of which the dispersal of the seeds is effected, are due to the 
sudden release of tissue-tensions. Similarly*, the fruits of Nomordica 
elaterium and Ecballium dehisce suddenly and eject the seeds with 
considerable force. It is unnecessary to cite further examples ; those 
already given may be sufficient to call attention to a few of the different 
means made use of for the dispersal of the reproductive germs. 

Germination. — The dry condition of the seed and the cessation of 
all vital activity render the resting germ extremely resistant to the 
action of external influences, and capable of maintaining its vitality 
during the course of its dissemination, until it is ultimately fixed 
in the earth. In effecting their PERMANENT LODGMENT in the soil, 
seeds are aided by the various structural peculiarities of their 
SURFACE (furrows, bristles, hairs, etc ). The fruits of the Gemniaceae 
(Er odium, Fig. 200) and Ghainmeae ( Stipa , Arena denhs , and species of 
Aiistida) are enabled, by means of movements due to hygroscopic 
torsion, to bury themselves m the ground. In the case of 
Trifolium sullen aneum and Amcfas hijpogaect the same result is 
accomplished by the geotropic growth of the fruit-stalks, while the 
seed-capsules of Linen ui cymbalaria are deposited m the crevices of 
walls and cliffs by the negative hehotropic movements of the fruit- 
stalks. Nuts, acorns, and seeds buried by squirrels or other animals 
in the ground and forgotten, or for any reason not made use of, often 
germinate The seedlings of Mangrove trees, Bhisophora and 
B't uguieo a, exhibit a most peculiar manner of growth to ensure their 
lodgment in the ground. The seed germinates m the fruit before 
it is detached from the tree. When the radicle has attained a 
considerable length, the young seedling, separating either from the 
cotyledons or from the fruit-stalk, falls to the earth , it then bores 
into the mud and is thus enabled to commence its growth without 
delay. Many seeds and fruits acquire a more or less voluminous 
Mucilaginous sheath, which serves a double purpose Quince seeds, 
Flax seeds, seeds of the Plantain, of Crucifers, the fruits of Salma 
Hormmum, seed of Cuphea and Cobaea (in the mucilage cells of which 
delicate thickening bands are rolled up), afford the best-known examples 
of such slimy envelopes, which, in addition to fixing the seed to the 
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ground, serve to absorb water by holding it in their substance 
or drawing it m hygroscopically (rf. Mistletoe berries). Fruit-walls, 
by their spongy nature, may also serve as water-carriers (ripe fruits of 
TiojMitohtm, Potennm spimsmn, Medicago terehellum). 

The germination of seeds, once securely lodged in the soil, may 
begin immediately or after a longer or shorter period op rest. 

The st;erls of many Conifers do not germinate for seveial years Some plants 
again, m addition to seeds which geiminate m the first year, produce others which 
require a longer rest { Trtjuhuui protease, llobima Pscudacacia, Cytzsus Laburnum , 
II* s> do lotto, etc j Even under favomable circumstances such seeds do not 
germinate until a definite length of time has elapsed Germination may he de- 
layed also hv external conditions, and the \itality of the seed may still be letained 
loi yeats. Thus, tor example, on tlie removal ot a forest from land that had been 
under t ultiv atmn for forty-six years, Pktlii found that a great variety of field- 
plants at once spiang up as soon as the requirements for their germination were 
li stored. 

Germination, according to the observations of ELlebs, is introduced 
by true processes of growth, which result in the rupture of the 
seed-coverings. This is effected either by the growing radicle, or, in 
many Monocotyledons, by the cotyledon. In other seeds enclosed within 
a shell, the bursting of the shell through the growth of the endosperm 
or cotyledons precedes germination. In cases where the shell is very 
hard and does not consist of two halves easily separable by internal 
pressure (as in Cherry-stones), special places are often provided for 

the egress of the young seedling. At the end 
of a cocoa-nut, for example, such points of egress, 
behind the thinnest of which the embryo will be 
found emerging from the endosperm, are very 
easily seen Through the extremely hard, thick 
shell of another Cocoa-palm, Corns lapidea, there 
are three long germinal pores, while the seedling 
of Aaocomia scleroccupa has only to push a loosely 
fastened plug out of the thick shell of the seed 
(Fig 221). Similar contrivances are found m 
the case of Pandams, Canna, Typha , Potamo- 
geton, and many Dicotyledons ( Tetiagonia expansa, 
Medicago, and some species of Onobrychis and 
Purtulaca). Seedlings penetrate the soil by 
means of the elongation of the primary root, or of 
the hypocotyl, or also, as is the case with many 
Monocotyledons, through the movements of the 
geotropic cotyledons. After the descending part is firmly attached to 
the soil, by either loot-hairs or lateral roots, the upward growth com- 
mences In this process the cotyledons may either remain within 
the seed or unfold above ground. The first is often the case where 
the cotyledons are full of reserve material ( Phaseolus multijiorus, Aes- 



Fig 221.— .Section through 
the tipper part ot the 
iruit oUi uuv'hu 1 St leva- 
* (trjMi s* The hard 
shell , }\ the plug Inch 
is pushed out of the 
shell b\ the germinat- 
ing emhi \ o, K , n, endo- 
sj lerm (After Pfitzer. ) 
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cuius, Que) cus), or where their function is to absorb nourishment from 
the endosperm (in Palms and the scutellum of Gw Minnie) More fre- 
quently the cotyledons are pushed above ground,- and may then be 
thick and filled with reserve nourishment, or thin and turning green 
on exposure to the light. In many Monocotyledons, as also in Bicinus, 
etc , the cotyledons, even if they afterwards appear above ground, may 
first take up the nutritive substances of the endosperm ; while in the 
Conifers the cotyledons perform the same office above ground The 
cotyledons are drawn from the seed bv the curvature of the 
hypocotyl or of the petioles of the cotyledons ( Smyrninm , Delphinium). 
The seed-coverings also are often further ruptured by the swelling of 
the hypocotyl (Cuciuhta, etc) The unfolding of the first leaves 
above ground is frequently accompanied by a contraction OF THE 
root, occasioned by its distension m a transverse direction ; the seed- 
ling is in consequence drawn deeper into the soil, and its position 
rendered more secure Even older plants, particularly those whose 
leaves form a radical rosette, notwithstanding their upward growth, 
are held close to the ground through a similar contraction of their 
roots. 

When its attachment in the soil is properly provided for, and after 
the first germ-leaves are unfolded, the young plant has acquired the 
capacity for self-sustenance, its further growth and development being 
dependent upon its own activity. 
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SPECIAL BOTANY 


Special Botany is concerned with the special morphology and 
physiology of plants While it is the province of General Botany to 
investigate the structure and vital processes of the whole vegetable 
kingdom, it is the task of Special Botany to interpret the structure 
and vital processes of its separate divisions The aim of General 
Morphology is to determine the phylogenetic derivation of the external 
and internal segmentation of plants, and to refer their numerous structural 
peculiarities to the primitive form from which they have arisen. The 
purpose of Special Morphology, on the other hand, is to trace the 
development which has been reached in the different divisions of the 
plant kingdom, to understand the form of individual plants, and to trace 
the connection between one form and another. Thus the methods of 
special morphology are also phylogenetic, and furnish the basis for a 
natural system of classification of the vegetable organisms based 
upon their actual relationships Although such a system must 
necessarily be very imperfect, as it is not possible to determine, directly 
and indisputably, the phylogenetic connection of different plants, but 
only to derive indirectly their relationships from morphological com- 
parisons, the aim which we set before us is none the less both legitimate 
and essentially justifiable. 

Such a natural system, founded on the actual relationship existing 
between different plants, stands in direct opposition to the artificial 
system, to which has never been attributed more than a practical 
value m grouping the plants in such a manner that they could 
easily be determined and classified. Of all the earlier artificial 
systems, the sexual system proposed by Carl Linnaeus m the year 
1735 is the only one which need be considered. 

LiNNiEUS, in establishing his classification, utilised characteristics 
which referred exclusively to the sexual organs, and on this basis 
distinguished twenty-four classes of plants. In the last or twenty- 
fourth class he included all such plants as were devoid of any visible 
sexual organs, and termed them collectively Cryptogams. Of the 
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Cryptogams there were at that time but comparatively few forms 
known, and the complicated methods of reproduction of this now large 
class were absolutely unknov n In contrast to the Cryptogams, the 
other twenty-three classes were distinguished as Phanerogams or plants 
whose flowers with their sexual organs could be easily seen. Linnaeus 
divided the Phanerogams, according to the sexual character of their 
flowers, into such as possessed hermaphrodite flowers (Classes I.-XX.), 
and those in which the flowers were unisexual (XXI. -XXIII.). Plants 
with hermaphrodite flowers he again divided into three groups . those 
with free stamens (I -XV.), which he further distinguished according 
to the number, mode of insertion, and relative length of the stamens , 
those with stamens united with each other (XVI -XIX.) , and those in 
which the stamens were united with the pistil (XX ). Each of the 
twenty- four classes were similarly subdivided into orders. While 
some of the classes and orders thus constituted represent naturally 
related groups, although by the method of their arrangement in the 
artificial system they are isolated and widely removed from their 
proper position, they include, for the most part, plants which phylo- 
genetically are very far apart. 

Linnaeus himself (1738) felt the necessity of establishing natural 
families in which the plants should be arranged according to their “ re- 
lationships.” So long, however, as the belief in the immutability of 
species prevailed, the adoption of a system of classification expressive 
of relationship and family could have no more than a hypothetical 
meaning, and merely indicated a supposed agreement between plants 
having similar external forms. A true basis for a natural system of 
classification of organisms was first afforded by the theory of evolution. 

The system adopted as the basis of the following description and 
systematic arrangement of plants is the natural system of Alex- 
ander Braun, as modified and further perfected by Eichler and 
others. 

According to this system we have to distinguish between Crypto- 
gams as the lower division, and Phanerogams as the higher division 
of the plant kingdom. 


SECTION I 

CRYPTOGAMS 

The Cryptogams include an extraordinary variety of the most different 
plant forms, extending from unicellular organisms to plants exhibiting 
segmentation into stem, leaf, and root. The Cryptogams, however, are 
collectively distinguished from Phanerogams by the mode of their 
dissemination bv spores, in contrast to that of the Phanerogams, which 
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is effected by seeds , spores are formed also by Phanerogams, but 
they are not ttor immediate cause of the origin and development of new 
individuals. Seeds are multicellular bodies, "within which is included 
the multicellular rudiment or embryo of a plant , while spores which, 
m the case of the Cryptogams, become separated from the mother plant, 
and give rise to a new and independent organism, are unicellular struc- 
tures. Cryptogams may therefore be termed spore plants or Sporo- 
phytes, and Phanerogams seed plants or Spermaphytes ; although 
uniformity to previous usage and custom would recommend adherence 
to the older terms. 

The Cryptogams are divided into the three following groups : — 

I. The Thallophyta, embracing a great variety of plants whose 
vegetative portion may consist of one or many cells in the form of a 
more or less branched thallus. 

II. The Bryophyta, which include forms with a Ieaf-hke thallus, 
as well as cormophytic forms, with evident segmentation into stems 
and leaves. The Brvophytes possess no true roots, and their conduct- 
ing bundles are of the simplest structure 

III. The Pteridophyta, or Fern-plants, exhibit a segmentation into 
stems, leaves, and roots, and also possess true vascular bundles. 
While thus resembling the Phanerogams in structuie, they differ from 
them in their mode of reproduction, and in their dissemination by 
means of spores. 

The Thallophytes and Bry ophytes are also characterised as 
cellular plants, in contrast to the Pteridophytes or Vascular Crypto- 
gams, which, together with the Phanerogams, are collectively desig- 
nated vascular plants 


I. THALLOPHYTA 


The Thallophytes may be divided according to their natural 
relationships into the following classes — 


1. Myxomycetes , Slime-Fungi. 

2. Schizophyta , Fission-Plants 

3. Dicitomeae, Diatoms. 

4. Pendineae , Dinoflagellates. 

5. Conjugatae, Conjugates. 


6- ChJorophyceae, Green Algae 
7. Phaeophyceae, Brown Algae. 

S. Bkodophyreae, Bed Algae. 

9 Chtuaceae, Stone worts. 

1 0. Hyphomycdes { Eumycetes ), Fungi. 


Formerly it was customary to divide the Thallophyta comprised 
in these ten classes into the two groups of Algae and Fungi. The 
Algae are Thallophytes which possess chromatophores with colouring 
pigments, particularly chlorophyll ; they are, therefore, capable of assimi- 
lating and providing independently for their own nutrition. The Fungi, 
on the other hand, are colourless and have a saprophytic or parasitic 
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mode of life. Such a method of classification, however, although 
possessing a physiological value, has no phylogenetic significance, as 
it gives no expression to the natural relationship of the Fungi to the 
Algae, from which they have been derived. Of the ten classes previously 
enumerated, the >S chizophytct, Pendineae , and Rhodo'phycecie include both 
assimilating and colourless non -assimilating forms the Dmtomeae, 
Conj uijatae Chlorophyceae , Phaeophyceae, and Charctceae contain exclusively 
assimilating forms ; the Myxomycetes and Hyphomycetes, on the con- 
trary, include exclusively colourless and not independently assimilating 
forms. 

By the term Algae m its restricted sense are understood only the 
Thallophytes represented in the classes 3 to 8; by Fungi, only the 
Hyphonit/cttes. To the ten classes of the Thallophytes may be added, 
as Class 11, the Lichens (Lichenes), in which the thallus affords an in- 
stance of a simbiosis of Algae and Fungi (p. 213) From a strictly 
systematic standpoint, the Fungi and Algae composing the Lichens 
should be classified separately, each in their own class ; but the Lichens, 
among themselves, exhibit such a similarity m structure and mode of 
life, that a better conception of their characteristic peculiarities is 
obtained by their treatment as a distinct class. 

As a rule the Thallophytes are distributed and multiplied by 
means of asexually produced spores, but with a varying mode of de- 
velopment in the diffeient groups , and also, although not mall classes, 
they exhibit a sexual mode of reproduction. This reproduction con- 
sists, in the simplest cases, in the production of a single cell, the 
zygospore or zygote, by the union or conjugation of two simi- 
larly formed sexual cells or gametes. In many of the more 
highly developed forms, however, the gametes are differentiated as 
small male cells or Spermatozoids, and as larger female cells, the egg- 
cells or oospheres. As a result of the fusion of an egg- cell and a 
spermatozoid, an oospore is produced. The first form of sexual re- 
production or fertilisation is termed isogamous, the second OOGAMOUS ; 
but these are connected by intermediate forms. 


Class I 

Myxomycetes (Slime-Fungi) 

The Myxomycetes form an independent group of lower Thallo- 
phytes ; in certain respects they occupy an intermediate position 
between plants and animals, and have in consequence also been termed 
Myceknoa or Fungus-animals. They are represented by numerous 
species (about 50 genera), and are widely distributed over the whole 
earth. In their vegetative condition the Slime-Fungi consist of naked 
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masses of protoplasm, the Plasmodia, containing numerous small nuclei 
but utterly devoid of chlorophyll In consequence they are reduced 
to a saprophytic mode of life upon decaying vegetable remains, or as 
parasites they often obtain their nourishment from living plants. The 
plasmodia (p 51) are found most frequently in forests, upon soil rich 
in humus, upon fallen leaves, and in decaying wood. They creep 
about on the substrata, changing their form at the same time, and 
thrust out processes or pseudopodia, which may in turn coalesce. 
Their movements are regulated by the intensity of the light and heat 
to which they are exposed, and by the amount of moisture and 
nourishment supplied by the substratum. Although in the vegetative 
condition the plasmodia are negatively heliotropic and positively 
hydrotropic, these characteristics become changed when the process of 
spore-formation begins. The plasmodium then creeps out from the 
substratum towards the light and air, and, after coming to rest, is con- 
verted into single or numerous and closely contiguous fructifications, 
according to the genus. On the periphery of each fructification an outer 
envelope or PERIDIUM is formed ; while internally the contents of the 
fructification separate into spores, each of which is provided with a 
nucleus, and enclosed by an outer wall The spores thus formed have 
accordingly an asexual origin In many genera, part of the internal 
protoplasm within the SPORANGIUM or spore-receptacle is utilised m 
the formation of a capillitium, consisting of isolated or reticulatelv 
united threads or tubes. Upon the maturity of the spores, the peri- 
dium of the sporangium becomes ruptured, and the spores are dis- 
persed by the wind In the case of the genus Cuatiomi/.cu, the process 
is somewhat simplified, as the fructification is not enveloped by a 
peridium, and the spores are produced at the extremities of short 
stalks Sexual reproduction is entirely absent in the Myxomy- 
cetes. 

A good example of the development of the plasmodia from the &poi es is afforded 
by Ch ondnodcrma difforme, a Slime-Fungus common on decaying leaves, dung, etc., 
upon which it forms small, round, sessile sporangia The germination of the 
spores {fh, Fig 52, p 51) may be easily observed when cultivated m an infusion 
of Cabbage leaves or othei vegetable mattei. The spore -vail is luptuied and left 
empty by the escaping protoplast After developing a flagellum or ciliiwi as an 
organ of motion, the protoplast swims about m the vatei, being conveited into a 
SWARM-SPORE (Fig 52, c-g), with a cell nucleus in its antenoi 01 ciliated end, and 
a contractile vacuole m the po&tenoi end of its body Eventually the cilium 
is drawn in, and the swarm -spore becomes transformed into a Myxamoeba 
(Fungus amoeba), which creeps about, and, while undei going constant alteration m 
its shape, at the same time it takes up food material by enclosing within its proto- 
plasmic body small particles of foreign matter The amcehiu have also the 
capacity of multiplication by division. In conditions unfavouiable for then develop- 
ment they suiround themselves with a wall, and as microcysts pass into a 
state of rest from which, under favourable conditions, they again emerge as 
swarm-spores. Ultimately a number of the Myxamceboe appioach close together 
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Tig 52 J and lu.iI. v t, funning -mall plasmodia (Fig 52, m), which m turn fuse 
with oth+d- into hugei pLwnodia Fig 52, />) Both the amcebse and plasmodia 
,i rc nourish* d by the small food paiticL*s taken up by the protoplasm, which also 
t \hihits active, internal, vticaming movements After an mteival of a few days 
thr pLwnodniTu cr*tps to the surface ot the substratum to the air and light, and 
piling into a noting -tage beeomts at length conveited mto a white spoiangium 
with a double wail, consisting ot an outei, calcaieous, brittle pendium and an 
mu i and thinnci enveloping pi Hide which, in addition to the numerous spoies, 

» nr jw - a No a pooih de\ eloped cajuH itium 

The decdopim nt ut the other llyxomycetes is accomplished m a similar 
iiMimea V*iv laige plasmodia, often ovei a foot m bieadtli, of a blight yellow 
c u’otii and c i aniy consistency, aie ionnul by the tan-pit Fungus Fuhgo vai tans 
' t 8*j,*iiLUht , and as tin k 'tl owei> of tan” aie often found m summer on 

UiOxst tan baxk V • xpo-.nl to desiccation, the plasmodia of this Myxomycete pass 
into a i ‘-sting state, and become concerted into sphencal or sti and -like sulekotia, 
flora which a puismodium is again piodueed on a fuither supply of water. 
Fin ilh\ tlie whole pla^modmm becomes tiansfoi mod into a diy cushion or cake- 
shape d iiuctihcation of a white \elluwish, oi biown colour The fructification, in 
tuis instant e 5 is tu\ duped bj an outei caleaieous crust or rmd, and is subdivided 
b\ mimeioiis iut< mal septa It encloses numerous daik violet-coloured spores, 
and is tia\ersed by a filamentous capillitiuni, m wlucli aie disjiersed lrregulaily- 
shaptd vehicles containing granules of calcium oaibonate A fructification of 
tius nature, or so-ealhd .ethxhum, consists, therefore, of a number of sporangia 
combined tugethei, while m most of the Myxomycetes the sporangia are simple 
and tunned singly 

The sti uctme and nature of the sporangia atfoid the moist convenient means of 
distinguishing the difleient genera The following species may be mentioned as 
exhibiting tbai act eristic ditieiences in the foim of then sj)orangia 

tifttuu nftsjii^ut forms simple, stalked, cylindrical sporangia (Fig 222, A) 7 which 
.lie utt»-n found standing m clusters on dead leaves, bark, etc. The stalk is pro- 
longed as a columella through the 
sporangium, and gives rise to a deli- 
cate, reticulate capillitium, within 
the meshes of which lie the dark- 
violet spores Tlie p er idium is thin 
and non-persistent Arcyi mpuntcea 
pioduees its sphencal sporangia on 
lotten wood They are simple, 
stalked, of a i eddish -brow ir coloui, 
and without a columella At ma- 
tin lty tlie pendium ruptures circu- 
larly and the upper part falls off, 
w hereupon the capillitium attached 
to the basal walls of the sporangiun 
spmigs out suddenly, and sets fiee 
the spores (Fig 222, B) Cnbrctna 
rufa also develops its reddish- 
bi ow n sporangia on rotten stumps of 
trees They aie single and stalked, without eithei columella or capillitium The 
spoiangia open at the top, but the thickened portions of the fragile pendium 
persist after its ruptuie m the form of a net- work (Fig 222, C). Zeocarpus, fi ag%hs 7 



Flu 22 2 —Ripe fmctib cations, aitei discharge of the 
spores A, 'steiium'tua Jasut (xlO), Ii 7 Aicyiui 
juuuurrf' k 12), Cnbrora* t e fa (x 22) 
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Ilf* 224 — LmaitjtH* Jicuult'* 
Gi oups of spoiangu upun Mobs 
(Xat size ) 


with its leddi&h-bioun oval spoiangia, may frequently be found on nio»s gra^- 
haulms, etc The spoiangia are sample. and lia\e a double peiidiuni and a 
^ ^ letieulate filamentous 

capillitium, but no 
columella i Fig 224 1 
T) telna %at ta one of 
the commonest species 
on decaying wood, has 
a sessile globose spoi- 
angium with a yellowish 

peridium, which, after luptuiing, forms a dish -shaped 
leceptaele The capilhtium is made up oi delicate 
tubes strengthened hv spnal thickenings, and having 
tree extienuties (Fig 223 i. 

A few Shme-Fungi, termed collectively Aa'osicac , 
exhibit a moie simple mode ot spore -toimati on. The 
spores on geimination gi\e n«*e directly to amcebie 
without the previous development of swarm-spoies 
The amcebas multiply by division, and without 
l>ie\iously undergoing lusion form so-called aggre- 
gate plasmodia In the jd'oee&s of spoie-foimation 
each amoeba of such aggiegate plasmodia sui rounds 
itselt with a wall and assumes the nature ot a 
spore 

Flastnodutfhtnu Bi'cts^teae, one ot the tew paiasitie 
Myxomycetes, causes tuberous sw ellmgs on the lateral 
roots of various species of Bt'assica Its pla&modia 
till the cells of the hypei troplned parencdiyma ot 
these swellings, and these, eventually dividing into 
numeious spores, aie set liee by the disorganisation ot 
the plant The spoies geimmate like those ot Choii- 
th todc mw 9 and the Myxaxncebae penetiate the roots 
of a young Cabbage-plant/ The ibimation of true 
spoiangia, howevei, does not take place, and this 
Slime-Fungus lepre&ents a moie sionply oi gammed oi m consequence of its paiasitie 
mode of life, a degeneiate Mjxomjctte 


Pig 22a — Tttthw untv -1, 
Closed and open spoiangia 
(aO), It, a fibre ot the eapil- 
litiuiu (a 240) , C , spores (x 
240) 


Class II 

Schizophyta (Fission-Plants) 

The Schizophyta comprise only Tliallophytes, having very simple 
structure ; they may be either unicellular or filamentous, consisting of 
a row of cells, or they may assume the foim of cell colonies. They have 
no sexual mode of reproduction, and multiply only by cell division or by 
asexually-formed spores. They include two orders — the Fission-Algae 
or Schizujrthyceae, and the Schi~omycetes (Fission-Fungi or Bacteria) The 
cells of the Sclu ~oph yceae contain an assimilating blue-green colour- 
ing matter. The Sehizumycetea, on the other hand, which are only 

X 
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exceptionally provided with such a pigment, live either parasitically 
or saprophyticaily, and may be regarded as a derived form of 

Self i -(>ph tft'eat 


Order 1. Schizophyeeae (Fission- Algae) 

The Fission- Algae were formerly thought to show a variation from 
other Algae m the differentiation ot their cells. It was customary to 
distinguish within the protoplasts of their walled cells an apparently 
homogeneous colourless central-body, separated from the other portion 
of the cell contents by a delicate membrane, and possessing a greater 
capacity for taking up stains. According to the recent investigations 
of Hegler, this central body has, however, the structure of a true 
nucleus, and undergoes indirect karyokinetic division In certain of 
the filamentous forms, special cells, no longer capable of division, may 
contain several nuclei, the number of which is in such cases the 
result of fragmentation. The cell nucleus is surrounded by a coloured 
peripheral layer This layer may be considered as equivalent to a 
chromatophore , it contains, m addition to chlorophyll, a blue-green or 
verdigris-coloured pigament, termed phycocyanin, to the presence of 
which this group of the Schizophyta owes its name of Cyanophyceae 
or Blue-green Algae. There are also found within the cells, usually 
lodged in the periphery of the chromatophores, small gianular bodies 
of an unknown significance, the so-called cyanophycin grains , while 
mucous globules are also disposed in the vicinity of the nucleus In 
addition to these, vacuoles occasionally occur m the cells. The cell 
walls consist of cellulose, and often exhibit distinct stratification, and 
in many species they undergo a mucilaginous modification of then* outer 
layers. Multiplication is effected in a vegetative manner, simply by 
the di\ision of the whole contents of the cells and by the formation of 
partition walls In the case of the unicellular forms, included col- 
lectively in the family of the Cltroucvrcaccae the daughter cells separate 
after the division, and become either entirely isolated or remain as 
cell colonies in proximity with one another. In the filamentous forms 
or Xostvcuceae, the daughter cells continue m contact and form cell 
rows. These cell filaments eventually break up into shorter segments, 
which repeat the process of multiplication and segmentation. It is 
from this mode of reproduction by the division or fission of the cells 
that the name Fission- Algae has been derived. 

The Fission- Algae represented by numerous species are universally 
distributed. They occur as floating water forms, attached to stones 
and plants, or they form mucilaginous or pubescent coatings on damp 
soil, moist rocks, tree-trunks, moss, etc 

1 CIu out'utvaecae , — The simplest fbnns of the Schizophyeeae are included m this 
family. The genua Ohroucotcus consists solely of isolated, rounded cells, which 
are enveloped by a thin wall and have a blue-green colour In other geneia cell 
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colonies are formed by the daughter cells, which result from division, remaining 
enclosed ma common gelatinous envelope, formed by themiicilagmousdegeneiatum 
of their cell walls Thus, the four-cornered, tabular cell colonies of the gemu 
JIo is??iojpedia, often found floating m the water, are formed by repeated cell division, 
which is always m one plane and m two dnections only The cell colonies of 
Gloeocapsa , whose different species form, for the most part, olive-green 01 blue- 
gieen patches on damp w’alls and rocks, present a peculiar appearance, as shown in 
Fig 225. The walls of the cells are mucilaginous and swollen. When a cell 
divides, the walls of the daughter cells also become mucilaginous, while at the 
same time they remain enclosed within the wmIIs of the mother cell In this 
manner, through division in three dimensions of space, a cubical 01 rounded colony 
composed of 2, 4, 8 or more cells is produced which eventually breaks up into 
daughter colonies 

2. jSfostoeaceae — The simplest forms of this family, m which aie included the 



Fig. 225 — Gloeocapsa pohfde mint tea A , 

In process of di\ ision , B, to tlie left, 
sliortly after division , C t a later sta«;e 
( X 540 ) 


a 



B 




Fig 22b — A 9 O&uitttn iapt mceps, a 3 terminal cell , u, l, 
portions from the middle of a filament In t , a dead 
cell is shown between the !i\ uig cells JJ, Obtttkn ue 
Fiochihn , b, with granules along the partition 
w alls ( x 540 ) 


most highly developed of the Fission- Algae, are meiely hlamentous rows of cells, 
unbianclied and without any distinction of base or apex This is the case m the 
genus Osctllciiia (Fig 226), whose single filaments aie motile and exhibit peculiai 
gliding ^novements. The filaments consist of disc-sliaped, blue-green cells, with 
numeious sniaH'gianules disposed m their penpheral piotoplasm, which, as a mle, 
appeals to be especially accumulated along the transver&e walls (Fig 226, B). The 
teiinmal cells of the filaments aie usually rounded By the roundmg off and 
sepaiation of any two adjoining cells the w’hole filament may bieak up into short 
germinal segments, teimed hokmogonia, which then grow out agam into long 
filaments. In species in which the filaments are invested with thick sheathing 
w^alls, the hoimogoma cieep out of the cell envelope, lea\mg only the empty 
sheath remaining The species of Oscillcaut aie found m tufts, eithei freely float- 
ing or growing upon damp soil. 

While in the case of Oseillaiia and in several other genera the cells aie all 
alike, many Xostocaceae not only develop special cells, termed hetekocysts, w Inch 
seem to be incapable of further development, but also thick-walled resting cells oi 
spokes. This is the habit of the genus Xubtoc , which is found growing on damp 
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woil oi floating m watei in thu funu of gtl itinoiib. mattes m which aio embedded the 
unbrauehnl evil hi, intents like lows of beads Heteiocysts pooily supplied with 
tv 11 CMUtent^ oetm at iiregulai mtei valb (Fig 227, h) m these cliams of cells, while 

hom tlie vegetative cells, ucher m contents, spoies 
($l>) aie piodueed. On germination these spoies 
give to a new filament composed of similaily 
united cells Fig 227, B , G) 

In certain Xustucaccne the cell filaments aie 
ehaiacteused by false blanching* This pseudo- 
bian< lung occurs when a cell of a filament becomes 
bent out wauls and is pushed upwaids by the con- 
tinued diMsion of the lower cells, so that the 
uppci poition assumes the appeal ance of a lateial 
bianeli 

Many Cyanujthyceae take part with the 
Fungi m the formation of Lichens. Some 
species also are endophytic and inhabit 
cavities m other plants Thus, species of 
Xostoc are constantly found m the tissues 
of certain Hejpaticoe , m Lenina , and m the 
roots of Cycas and Gunnera, and similarly 
a species of Anabaena occurs in Azolla. 

Especially interesting are the floating 
forms of the Cyanoylnjceae, which rise in 
<juiet vatei to the surface, and collect there m large masses In 
the piotoplasm of the cells of these specie^ (e tj Glueot/icha echinulata, 
Anahtuno jlo* aquae, of fresh-water lakes) are found numerous vacuoles, 
which are filled with gas and render it possible foi the Algae to float 
cm the surface of the water 

Order 2. Sehizomyeetes (Fission-Fungi, Bacteria) 

The Fission-Fungi differ fiom the Fission-Algae principally 
through the absence of an assimilating green pigment m their cells 
In them, too, no cell nucleus has as yet been found, although, according 
to Hcgler, a cell nucleus is present in certain species which he investi- 
gated Their protoplasm is colourless and always enclosed by thin 
cell walls. In a condition of plasmolysis, induced by means of a 
salt solution, the protoplasm becomes contracted, and shr ink s from the 
cell walls, from which it may be concluded that within the cells of 
Bacteria there is a sap cavity surrounded by a peripheral cytoplasmic 
layer Like the Fission- Algae the Fission-Fungi occur under a great 
vauety of forms. The latter, however, aie of a much smaller size, includ- 
ing m fact the smallest of known living organisms The spherical cells 
of J Iiciof’ocnib prudigwaus , which develops on cooked potatoes, bread, 
milk and meat, and is distinguished by the formation of a blood-red 
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pigment, measure only 00005 mm. m diameter, while the rod-shaped 
cells of the Tubercle Fungus, Bacillus Tubetculnshs, are only from 0 0015 
mm to 0*005 mm long 

The simplest form of Fission-Fungi are represented by minute 
spherical cells, Cocci. Forms consisting of short, rod-shaped cells are 
designated Bacterium , those of the same shape but longer are known 
as Bacillus Simple cell filaments are termed Leptotheix ; spiral, 
closely-wound filaments are classified as Spirillum, -when more loosely 
wound as Vibrio, and longer spiral filaments as Spirochete. In the 
highest stage of their development the Fission-Fungi consist of cell 
filaments exhibiting false branching, as in certain of the Xostoi aceue 
As in the Fission-Algae, but more frequently, the cell walls become 
swollen and mucilaginous. In this condition of their development, 
termed ^ooglcea, the Cocci, Bacilli, etc., appear to be embedded in a 
gelatinous mass, as in the Alga Xosfoc. 

While most Bacteria have only one form throughout the whole 
course of their growth, and are accordingly spoken of as species of the 
genera Micrococcus, Bacterium, Bacillus, etc , there are. on the other hand, 
so-called pleomorphic species which exhibit differences of form cor- 
responding to different stages in their life-history 

Multiplication of the individual is accomplished vegetativelv by 
the active division or fission of the cells , the preservation and dis- 
tribution of the species by the asexual formation of resting-spores. 
Bacteria may be divided into the follow- 


ing two groups, according to their mode 
of spore-formation — 

1. Arthrosporous Bacteria, m 
which vegetative cells, just as m the case 
of Xustoc (Fig. 227), simply become thick- 
walled and converted into spores (cf 
Leuconottoc, Fig. 231, £}. 

2 Exdosporous Bacteria, m which 
the spores are formed within the cells by 
the contraction of the protoplasm and its 
investment with a new cell wall (cf. 
Bacillus subtil is, Fig 230, B) 

Many Bactena aie motile Their in- 
dependent movements are due to the 



vibration and contraction of fine proto- fig 21s— Da.uh'-^iotni- suanamj 
plasmic cilia These flagella, according to ,odi ' " lth nun.eiou> tine flagella 
A. Fischer, are distributed over the whole ot liaj ; ^ -1 llom , , B; afr , , 

surface of the cells (eg. Bacillus subtil is, s] iimu>, vutii fulh- -dev eloped 

Fig. 22S, and also the Typhus Bacillus), (Aftei A FlsCHER ’ 

or they are polar, and spring from a single 

point. A single, polar flagellum occurs 111 Vibiio cholerae , a polar 
terminal tuft of flagella in Bacterium termo a lateral polar tuft 
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m the & warm- spores of Cbt doth fix. The ciliary tufts may become 
so closely intertwined as to present the appearance of a single 

thick flagellum The cilia, 
Vt although arising from a pro- 

, „ trusion of the cell protoplasm, 

m y are never drawn within the 

-i body of the cell, but undergo 

dissolution before the forma- 
^ tion of spores takes place. 

" ' \ The existence of such special 

\ ji flagella has not as yet been 

f. demonstrated in the Fission- 

Algae, so that, m this respect, 
'a ‘i). there is a characteristic differ- 

j'J, ence between them and the 

Fission-Fungi. 

"r i'J 

fj The Fission - Fungi are repre- 
\ lJ( a! sented by numerous species, and 

-i have a world - wide distribution 

’k. ” Although, they present but little 

Vj fj variety of external form, the sepa- 

•L; </ rate and scarcely distinguishable 

§ij ! species exhibit numeious variations 

|/. I in their metabolic and nutritive pro- 

Wj cesses (c/ alsopp 212,197) Adis- 

iijf tmction is also made between sapro- 

■ phytic and parasitic forms. To the 

tj former belong the morphologically 

|[ii most highly -developed species, of 

|T) which the highest is represented by 

1 1 Cladothi ix dichotoma. This Fission- 

Fig 22 r > —CUutotkra. tlithttfoiMi Part of a branched fungus is found in stagnant water, 
filament with rod - shaped cells., treated with . . „ „ . . . 

fnclism (After Fischer, x 540 ) and consists of falsely branch- 

ing, delicate filaments (Fig 229) 
attached to stones and Algae, and forming a slimy coating over them. The 
filaments are composed of rod -shaped cells enclosed within an outer filamen- 
tous sheath. Multiplication occurs through the separation from the parent 
filament of longer or shoiter branches, which pass into a swaim stage and 
eventually fall into still smaller lod-like segments These segments either escape 
from the enveloping sheath or aie set free by its dissolution Eight or ten flagella 
spring from a point on the side of the cylindrical swarm segments or, as they are 
termed, rod-gomdia. After sw arming, the rod-gomdia settle down, and attaching 
themselves to a suppoit grow out into new filaments. 

Theie aie also always found associated with Clcidotlv) ix numerous other sapro- 
phytic Bacteria, Yibnones, Spirilla, Cocci, Zooglcese It is doubtful whether these 
are all merely diffeient stages m the development of Cladothnx. This view has 
certainly not been positively demonstrated as yet by actual continuous observation. 
Among the most common filamentous Fission-Fungi occurring in water are the 
Sulphur Bacteria (c <j Bctjrjiatoa cilia), which form small granules of sulphur in 
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their cells if sulphuretted hydiogen be present in their environment Anothei 
filamentous Fission-Fungus Crcnoth, uc Kuh, nano, m the sheaths of whose filaments 
deposits of hydrated oxide of iron are found, is of frequent occurrence m springs and 
water-pipes, where it forms brown slimy masses and renders the water unfit for 
drinking In both of these last-named Schtzo»rycchs the filaments, unlike those of 
Glaclothnx , are unbranched 

The majority of Bactena, like these important water-bacteria, maintain a 
saprophytic mode of life. Their metabolic proces-es vary in correspondence with 
their numerous decomposition products, and are usually adapted to definite conditions 
of nutrition. Thus the Hay bacillus, Bacillus subtil is , develops m an infusion of 
hay. The spores are able to withstand the heat employed m making the infusion, 
and produce in from 12 to 15 hours, on the surface of the liquid, a gelatinous pellicle 
consisting of closely compacted parallel filaments Each filament is composed of 
long rod-shaped cells m active process of division (Fig. 230, A j. Aftei exhaustion 
of the nutrient substance of the infusion, an endogenous formation of spores takes 



Fio 230 — Eo dins siibtihs A, Pellicle of parallel filaments (x 500) , E, formation of spores 

(/ S00) 

place within the cells of the filaments (2? .. In germinating, the walls of the spores 
become ruptured ou one side and their elongating pi otoplasmie contents emerge as 
rod-shaped swarm-spores provided with numeious flagella (Fig. 22S), and multiply 
further by division 

Mahy saprophytic Bactena are characterised by their capacity to induce ferment- 
ation and putrefaction, and m the operation of their metabolic piocesses are able to 
decompose certain organic compounds Thus Lcuconostoc mcsente, loidcs occasions 
the mucous fermentation of beet -sugar. It forms gelatinous masses resembling 
frog- spawn, consisting of a number of polygonal colonies enclosing rosary -like 
chains of cells within the mucilaginous sheaths (Fig 231, D) In its mode of 
spore-foimation this species of Fission-Fungus closely lesembles the Fission- Algae 
Xostoc Special cells of the chain become largei and tiansfoimed into arthrospores 
(E) In the process of germination these spores become invested with a gelatinous 
sheath (£), and develop into thick but short rows or chains of cells ( G J. These 
unite into colonies, and these again into gioups of colonies, thus forming large 
gelatinous masses similar to the ongmal The Vinegar bacterium, Bcictci ium accti , 
oxidises alcohol into vinegar ; Bacillus amylobuetc, occasions the butyric fermenta- 
tion , Bactct ium ter, no the putrefaction of albumen, meat, etc. 
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Among llit pui«wtu Baoteim there a re numerous forms which may be described 
a* li.umlc'N ,*> for example So emu icutcicuh (Fig 232, A), winch forms cubical 
nu^f^ of eoe* i iii the stomach and intestines ot man , also the various Bacteria, 
Jffiw'ijwn'- Sou.flhia chafutni , Lcjifoflui'C huccahs , etc (Fig 4, p. 11), which 
occur m the e.t\it\ ot tin- mouth Ot dangerous or pathogenic Bacteria which 
have be* u <h d to be the cause of infectious diseases, mention may here be 

made ot the following Bac Hit's Tuberculosis, the cause of tuberculosis (Fig 232, 0) ; 



E m 2ol — L*>di nic^tUt > tonh^ A, Iso- 

lated spotty, II, fuiination of climi of 
cells gt latino 1 is tdnutli , D, puirion of 

mature Amulma , E, formation t spores m 
the hhinients uf the /oogloa (.Vter 
T EEC HEM, < 520 ) 
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Pin 232 — A , Bcncina vent) truh (xTGO), B 7 
Spuoclinete Obenneten (x950); 0 t Bacillus 
Tuberculosis, plasmoljsis of contents occa- 
sioned by mode of treatment ( x 1500) , JD, 
T'tbuo choleicte (X950), E , Sti cptoeoccus 
pyogenes ( x C50) (After B wmgaeten ) 


Vtbno ehuhtar ti'uuiiLCte, the comma bacillus of Asiatic choleia (Fig, 232, D) , 
Spu'*>*'Inffte Obcrnieiut (Fig 232, 1S\ found in the blood of patients suffering fiom 
liiteimitteiit fe%ei , Bacillus Typla* the bacillus of txplioid fe\er, the pyogenic 
JBactuia, Streptococcus pyogtnc s (Fig 232, E) and Staphylococcus aureus j Strepto- 
coccus Ei ysipelatis, occumng m the lymphatic glands of peisons affected with 
erysipelas , 1J a alias Anthracis , the antlnax bacillus, with a mode of spore-formation 
similar to that ot the Hay bacillus 

Jthnobanii Leya uiinosaiiun (Bacillus iadtcico7a) lives in symbiosis with the 
Lrgu nuuusrte, and causes the foimation of their loot-tubercles After multiply- 
ing enormously in the cells of the loot-tubeicles, the Bacteria eventually undei go 
Tiaustmmatiou into bactenoids (see p 211) 


Class III 

Diatomeae (Diatoms) 

The JMotomeae constitute a large class of unicellular Algae, 
including about 1300 species They usually occur associated together 
in large numbers, in both fresh and salt water, and also on damp 
soil 

The individual cells or feustules are either solitary and free- 
swimming, or they are attached by means of gelatinous stalks, excreted 
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by the cells themselves Sometimes these chains remain connected 
and form bands or zigzag chains, or, on the other hand, they are 
attached and enclosed in gelatinous tubes, while in the ease of the 
marine genus Schizomrnti they lie embedded in large numbers in a 
gelatinous branching thallus, often over 1 deni, in breadth The cells 
also display a great diversity of shape, while generally bilateraily 
symmetrieal, they may be circular or elliptical, rod- or wedge-shaped, 
curved or straight The structure of their cell walls is especially 
characteristic; it is composed of two halves or valves, one of which over- 
laps the other like the lid of a box (Fig. 3, B , p. 1 1 ) The cells thus 
present two altogether different views, according to the position in w liich 
they are observed, whether from the girdle (Fig. 3, B) or valve-side 
(Fig. 3, A) Both calves are so strongly impregnated with silica, that, 
even when subjected to intense heat, they remain as a siliceous skeleton, 
retaining the original form and markings of the cell walls. The walls 
of the cells, particularly on the valve side, are often ornamented with 
numerous fine, transverse markings or ribs, and also with small 
protuberances and cavities. In many instances (Fig. 3) a longitudinal 
line corresponding to an opening in the cell walls, and exhibiting 
swollen nodules at both extremities and in the middle, is distinguish- 
able in the surface of the valves. Forms provided with such a median 
suture or raphe are characterised by peculiar backward -creeping 
movements, resulting from the extrusion of protoplasmic protrusions 
from their longitudinal edges. Each frustule has always a central 
nucleus and one (Fig. 3) or two large or numerous smaller (Fig. 
233, D) chromatophores embedded in its parietal protoplasm. These 
ehromatophores or endochrome plates, as they are often called, 
are flat, frequently lobed, and of a brownish- yellow colour. In 
addition to chlorophyll they contain a golden brown colouring matter, 

termed DIATOMIN. Globules of a fatty oil are also included in 

** 

the cell contents, and take the place of starch as an assimilation 
product 

The Dudomeae multiply vegetatively by bipartition, which always 
takes ^place in one direction. In this process the two valves are first 
pushed apart from one another by the increasing protoplasmic contents 
of the mother cell, which then divides longitudinally and always m 
such a direction that each of the two new cells retains one valve of the 
original frustule. After the division of the protoplasm of the mother 
cell is accomplished, each daughter cell forms, on its naked side, a 
new valve fitting into the old one The two valves of a cell are 
therefore of different ages. In consequence of this peculiar manner of 
division, as the walls of the cells are silicified and incapable of dis- 
tension, the daughter cells become successively smaller and smaller, 
until finally, after becoming reduced to a definite minimum size, they 
undergo transformation into AUXOSPOEES The auxospores are usually 
two or three times larger than the frustules from which they arise, 
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and by their further development they re-establish the original size 
of the cells. 

Tht foimation of auxospoies is accomplished m various ways In the case of 
Jlffmtrvt, a ftve-s>wimmmg genus whose cells axe joined together in chains, the 
single c» 11s -imply swell greatly m size, and secrete two new valves (Fig. 233, D). 

An altogether different mode of spoie- 
formation is exhibited by the isolated, 
unattached cells of Cocconema Ictnceo - 
latum (Fig 233, B). In this instance, 
tw o cells place themselves together side 
by side, and throwing off their valves, 
surround themselves with an envelop- 
ing gelatinous mass Each naked 
protoplast, without, howevei, under- 
going conjugation, is then transformed 
into a single large auxospore, which 
ultimately becomes invested with a 
new cell v'all In other genera true 
conjugation occurs ; thus, in the case 
of Hirmnticlmm pectmale (Fig 233, 
A), each auxospore is the result of the 
conjugation of two individuals On 
the other hand, m the formation of 
the auxospores of Ejnthcmia turgidct 
(Fig 233, G ), each of the conjugating 
frustules first divides into daughter 
cells, which then, fusing two and two 
with the corresponding daughtei cells of the othei frustule, give rise to two auxo- 
spores. The auxospores do not pass through a period of rest, but begin at once to 
multiply by division. 

Countless numbers of Diatoms live m the ocean, and they constitute also a pro- 
portionately large pait of the plankton, that is, the fiee-swimming organic world 
on the surface of the sea The plankton Diatoms have no middle suture or raphe 
on the surface of their valves, and are especially adapted to swimming or floating 
To this end they are often piovided with horn-like protuberances or membianous 
wings, which, like the contuvances of seeds for a similar purpose, greatly enhance 
their buoyancy. 

Diatoms occur also as fossils Their silicified valves form a large pait of the 
deposits of Siliceous Earth, Kieselguhr, mountain meal, etc , and m this foim 
they are utilised m the manufacture of dynamite 

On account of the extreme fineness of the markings of then valves, it is cus- 
tomary to employ ceitam species of Diatoms as test objects for tiymg the lenses of 
microscopes. Plairusigiaa angulation is commonly used fortius purpose, and, with 
a sufficiently strong lens, it is possible to distinguish on the surface of the S-shaped 
valves a system of fine markings, forming a netwoik of six-sided meshes to the 
right and left of the raphe. 


"v 



Fig 233 — Formation ot auvospores *1, Hi,nnnti- 
dm ni pirtiPdlr (x 200), J^Coacnt ma lanecoloUiui 
(' 400), C, rpiihfihtft ttngula(y 200) , P, 

Khuats (x 200) (*1T after Smith, Tj after 

Pi IT7ER ) 
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Class IV 


Peridineae 

The Penchneae or Dinoflagellutn weie foimeily classed with the lowest animals, 
but are, in reality, unicellular Thallophytes They live for the most pai t in salt 
water, and form, together with the Diatonime , an important part of the plankton 
floating on the surface of the ocean. Their cell plasma contains a nucleus, a com- 
plicated system of vacuoles, and light yellow, tabular chxomatopliores The pres- 
ence of these chromatophores in the Pc> tdincae has, m particulai, been considered 
indicative of their vegetable nature. The Peridineae 
are further characterised by two long protoplasmic 
cilia or flagella, to the vibrations of which the move- 
ments of the cells are due The flagella spring from 
the ventral side of the cells, and lie in two funows, 
which cross each other at light angles, on their 
surface (Fig 234). Onlj a few Peridineae are entirely 
naked , most of them have peculiarly sculptured cell 
walls, consisting of intersecting cellulose plates or 
nbs They multiply by division, and in the autumn 
form thick- walled cysts, m which condition they 
pass the wintei. Conjugation has not been obseived. 

In addition to the forms which, like Algae, sus- 
tain themselves by means of assimilating yellow 
chromatophores, there occur also colourless Pen- 
dineac, whose chromatophores aie only represented 
by colouiless leucoplasts. Such species, although 
nearly related to the brown Peridineae, live either as saprophytes oi m the same 
way as animals. Gymnodinium hyalmurn, a colourless, naked, fresh- water form, 
exhibits a mode of life resembling that of a Myxomvcete For the purpose of 
absoibing nourishment it loses its cilia and assumes the form of an amoeba ; in 
this condition it encloses and digests small Algae. 



Fig 2.34 — Teridnini m bipr*, •ven- 
tral view (After Schilling, 
'< TOO ) 


Class V 

Conjug’atae 

In the class of the Conjugatae is included a large independent 
group of green, fresh-water Algae, comprising over 1000 species, m 
the form either of solitary cells or filamentous rows of cells They 
derive their name from their peculiar mode of sexual reproduction, 
which consists m the conjugation of two apparently similar cells, 
resulting in the formation of a zygospore They are m this respect 
sharply distinguished from all the other green Algae, the Chloiophyceae, 
from which they may be distinguished also by the absence of any 
asexual mode of spore-formation, and by the complicated structure of 
their green chromatophores. 
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1. Zygnemaceae — In tin* family, all of which are filamentous m 
character, the genus Sjiho/fum, with its numerous species, is the best 
known. It i' commonly found m standing water forming unattached 
masses of intertangled green filaments. The filaments exhibit no dis- 
. tmction of base and apex, and are composed of 

simple rows of cells, w’hich vary m length in 
different species Growth results from the divi- 
sion and elongation of the cells m one direction 
A only (if- Fig. 65, p 64) Each cell has a large 

;*L , nucleus situated either in the peripheral proto- 

Y plasm or suspended m the centre of the cell by 

hL " ^ , protoplasmic threads extending from the parietal 

f\,^ protoplasm The name of the genus, Spnogyia, 

I' * is due to the peculiar spiral form of its green 

| band-like chromatophores. These spiral bands lie 

m the parietal protoplasm, and contain numerous 
1 , pyrenoids (p. 71) In Fig. 235 is represented a 

species with three such spiral chromatophores ; m 
other species their 

number is some- LJ JJ 

/ times less, some- j-« — «=.{ 

Ill bp tmies more T1,e *-4 L. l 

-7 chromatophores in 1 J 


k 

gg 




the other genera of 


3!| the Zyrjneumreae ex- _ (L^l V®\ 

ll „ " < hibit a vanety of " Ijfjj ""l 1 Cgi 

m form, thus, m the §4 

IV filaments of Zt,g- 

\ ^ AAA-X nema the chromato- 1 %fC 

\7===^ s=::=:: \ phores are star- 1 I -y 

'■ „ shaped ^®tJL #f( 

n.. 233 -Oil liom a roVTITOATTOV in I 29 

i.Lii'ient of '•pufirjijid , v,OlsJUGATIOx'i, m > if *CjS 

i , nucleus , <7i, chro- the case of Spirogyi a, 

matopijore^j,, pv.e- 1S p rec eded by the I J J , 

development of con- — ] 

verging lateral processes from the cells J/^j 

of adjacent filaments. When two pro- | t p|^2L \^T £ 

cesses from opposite cells meet (Fig. ' ll “ — | 

236, A), their walls become absorbed at 
the pomt of contact, and the whole 
protojilasmic contents of one cell, after (x ioo), *, yjgospoie 
contracting from the cell wall, passes 

through the canal which is thus formed into the opposite cell. The 
protoplasm and nuclei of the conjugating protoplasts then fuse 
together and form a zygospore invested with a thick wall, and filled 
with fatty substances and reddish-brown mucous globules It is the 




!ggg\ | 


Fin 23 j — Oil liom a 
filament of ‘'pu ng if tff , 
i, nucleus, tit, ehro- 
matupliore , p, pvie- 
non! (x 200 ) 








Fig 230 — A , Conjugation of Sjn'iogym 
gum in a ( x 240) Zf, Spirogyi a long a to 
(x 100), z , 7>gospoie 
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function of the zygospore to act as a resting-spore, to tide over the 
winter or a period of drought, and eventually, on germination, to give 
rise to a new filament of SjJH'ogynt. This foim of conjugation, which 
is the one peculiar to most species, is descubed as scalariform /Fig 
2.36, A), as distinct from the lateral conjugation of some species, m 
which two adjacent cells of the same filament conjugate by the 
development of coalescing processes, which ai e formed near their trans- 
verse wall (Fig. 236, B). 


2 ilE^ocAUPACEAE — The representatives oi tliua family aie also composed of 
filamentous rows of eells, but exhibit a difference m their mode of conjugation 
In this case, m the process of conjugation which is either scalaniorm or lateial, 
only a portion of the protoplasm of both conjugating piotoplasts, togethei with 
their nuclei and a greatei part of their chromutophoies, parses into the connecting 
canal, and there, fusing into a zygospoie, becomes separated from the patent cel la> 
by tiansveise wralls* 

3 In the DEbMiDiACEAE, the thud family of the Conjiiyata?. aie eompnsed the 



Fi< — 4, Co^ncdt nthi cutlnUuii m piuct^ oi 
di\i->ion , U, Cos nth ntnt Uutt fftid C, the 
ltli fullj -*le\ elop*-»l zuo^poie, I), t it's 

i i tr£ tntl it*' ns is (Aitti 



Ac 


Elijr JJS — C(ns*Li tUut a! 0 it dijk i U Hi j J?, 
, A', mmcIh with ciy^talb 

( " 240 ) 


unieellulai foims They die ornamented -with delicate markings, and, like the 
Diatoms, exhibit a great variety of iomi (Figs 237, 23 S) Thur cells aie composed 
of two symmetucal hah es, sepaiated as a lule, hom each othei by a deep 
cunsti lotion, the isthmus Each halt contains a large, ladiate, mtgulaily 
dehned chiomatophoie, oi a numbei of plate-like chiomatophoies united into 
one 'Within the chiomatophoies aie disposed se\eial pyienoids, while the 
nucleus hes m the ceutie ot the cell m the couvtnction The cells themselves 
display a gieat diveisity of form and external confirmation (Figs 237, 23S'i The 
cell walls aie frequently beset with wait- oi horn-like protubeiances In some 
genera theie is no constnetion between the two halves of the cell Tins is the 
case, tor instance, m the ci escent-shaped Clostci turn i aunihjci um (Fig 238), whose 
tw o chromatophores consist of six elongated plates, united in the long axis of the 
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plant, while in each t ud of tilt cell time i«, a small vacuole containing minute 
civ-tabs <>f gyp-am m constant motion Many Desmids are characterised by 
heliotactie mo\ ements , they protrude fine mucilaginous threads through the cell 
w alls, by means of which they can push themselves along, and take up a position 
in a line with the direction of the incident lays of light 

Multiplication is effected by cell chi lsion This is accomplished by the foima- 
tion of a partition wall across the middle of the cell after the nuclear division is 
completed Each daughter cell eventually attains the size and form of the mother 
cell by the outgrowth of a new half on the side towaids the new division wall (Fig 
237, A Alter the completion of then giowth, the two cells separate from each 
uthei 

The conjugation of the piotoplasts takes place, in the case of the Desmidiaceae, 
outsnh then cell walls. Two cells approach each other, and surround them- 
selves with a mucilaginous envelope. Then cell walls lupture at the constriction, 
and parting m half allow the piotoplasts to escape, which then unite to form a 
zygospore The zygospores of the Desmidiaecctc frequently present a very character- 
istic appearance, as their walls aie often beset with spines (Fig. 237, C), The four 
empty cell halves may be seen close to the spore 


Class VI 

Chlorophyeeae (Green Algae) 

In the Chhnujjihifceae are included the majority of the Algae pro- 
vided with green ehromatophores. They group themselves naturally 
into three orders, according to the structure of the thallus . the Proto- 
cocrouleue, which include all the unicellular forms, whether living as 
isolated cells or as cell colonies ; the Conferioicleae, comprising forms 
consisting of simple or branched cell filaments or cell surfaces ; the 
Silhouette, with a thallus variously developed, but usually consisting of 
a single, multinuclear, tubular cell 

Sexual reproduction has not been demonstrated for all species of 
the ChlorojJtgi ecte. In the simplest cases it is effected by the conjuga- 
tion of naked gametes, of similar form and equal size. The gametes, 
as distinct from those of the Coajugatae, are motile ciliated protoplasts, 
and are known as Planogametes. In other genera there is a differ- 
entiation of the sexual cells into a female non -motile egg- cell or 
oosphere and a motile ciliated male cell or spermatozoid. Examples 
of this advance from isogamy to oogamy are afforded by each of the 
above three orders 

In addition to asexual reproduction, the Chlorophyeeae almost 
always exhibit an asexual mode of reproduction by the formation of 
motile ciliated swarm-spores (zoospores) which resemble the piano- 
gametes. 

The cells in which the swarm-spores are formed are termed 
sporangia, similarly those producing gametes are designated game- 



SECT. I 


CRYPTOGAMS 


S19 


tangia. Cells in which spermatozoids take their origin are termed 
ANTHeridia ; those giving rise to egg-cells, oogonia. If the sexual 
form be derived from an asexual form of reproduction, all these organs, 
as well as those similarly named in the other classes of the Thallophytes, 
must be regarded as homologous. 

The CoHjuyatcie and Chctrctceae, as well as the three order* ot the Ohloro^lojcene, 
also possess green ehromatophoi es, and hence the designation Green Algae, in its 
widest, unrestricted sense, is also applicable to them. The Cunjiajatae, however, 
are sharply characterised by their peculiar manner of sexual reproduction. The 
Chaiaceae also forma distinct group, and aie marked off from the Chloroyliyctue 
by the more highly advanced segmentation of their thallus and the more compli- 
cated structure of the female sexual organs and ot the anthendia, both of w Inch 
are enclosed within special enveloping receptacles, while the anthendia and oogonia 
of the Chlorophyceae are always de\ oid of any external covering of sheathing 
sterile cells 


Order 1. Protoeoeeoideae 

The Protoeoeeoideae include only unicellular Algae, whose cells lead a 
separate existence, or are united into cell families with a definite or in- 
definite order of arrangement. They occur, for the most part, as freely- 
swimming, fresh-water forms, but are also found in damp places. The 
cells are uninuclear, and contain one or more chromatophores. In the 
simpler forms multiplication takes place vegetatively by cell division ; 
but, in most cases, asexual swarm-spores, provided with two cilia, are 
produced Sexual reproduction, which does not occur in all genera, 
is effected by the conjugation of two exactly similar planogametes 
which fuse into a zygospore or zygote. The fertilisation of an 
egg by a motile spermatozoid is only known to take place in the case 
of Eudorina and Volvox. 

Many ot the Protoeoeeoideae aie polymorphous, and assume, accoidmg to the 
season of the year and the conditions of their environment, different external foirns 
coi responding to difteient stages in their development. 

Seenedcsmi'.s acutus, a polvmoiphous fiee- swimming term, very common e\ eiy- 
wheie m water, is genei- 
ally iojjnd m small cell- 
families, consisting ot 
tour spindle-shaped cells 
lying close together (Fig 
239, i, l) Undei certain 
conditions, hotvever, this 
Alga passes into the Pal- 
mella stage, and it then 
appears as spherical cells, 
multiplying by cell divi- 
sion («, 6). Each of these 
cells may again divide 
into foui spindle-shaped 
cells, which, after escaping from the mother cell, either remain isolated (c, d , e) 



Fig 230 — •bteneihbmub acutut: Different stages of development. 

(After Chobat ) 
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ox connected t< (gethei bv hue tin earls .Daetylococcus stage, Fig 239, <J) Bj' the longi- 
tudinal division ot the cell's of these foirn^ the four-celled & 'eeaedesmus family may 
again he pioduced ■/ It. t. I No formation of swarm-spore* occurs in this Alga. 

One of the simplest ioi ms of this 01 dei is represented by the genus Chloi ella , which 
multi] dies sole!} bv cell division. This genus is paitieularly mteiesting also from a 
bi« (logical sta ndpoint, as its small 1 ound cells In e symbiotically m the plasma of Infu- 
aositr, m the cells ot Hydro undis , Sjfonqdln fluviatilib, and other lower animals 

Pcdanti uou (Fig 240; maybe cited as an example of a genus w Inch gives use to 
cell-families Each cell-family foims a free-swimming plate, composed internally of 
polygonal cells and on the maigm it consists of cells moie oi less acutely crenated 

The formation oi asexual sm arm-spores is 
effected in Pcdiastrum by the division 
of the contents of a cell into a number (m 
the case of the species illustiated, P. 
jraa ulatuoi, into 16) of naked swarm- 
spores, each with two cilia The swarm - 
spores, on escaping thiough the luptuied 
cell wall (Fig 240, A, 5), are enclosed in 
a common envelope. Aftei fiist moving 
vigorously about within this envelope, 
they eventually collect together and form 
a new cell-family Pediastrum possesses 
also an asexual mode of repioduction. 
The gametes aie all of equal size, and, 
except that they are smaller and are pio- 
duced m gieatei numbeis, they aie other- 
wise similar to the swarm -spores They 

move freely about in the water, and m 
conjugating fuse in pans to form zygotes 
The fuithei development of the zygotes 
into cell-families is not yet fully known 
In the spring the cell -families develop 
horn peculiar, tluck-walled, spmifeious lestmg-cells or polyhediu, the contents 
ot which sepaiate into swanu-spoies, which escape enclosed m a common envelope, 
and give use to a new family The polyhedra aie pi obably formed fiom svvarm- 
spoies developed m the zygotes 

The Voht'couae include also foims whose cells live either isolated oi united into 



I jo 240 — n hi tfh’tn hi A, Aiiuhl 

cell-tiimilj e, cells containing spore-,, h , 
*pnies iu pioeess •>! evtiiision (the other 
ceP* June ahead} disthaiged then apoies) , 
B, cr il In nil > shortlx alter eUiuMon of 
the *poie* v i , fellfannh 4’ hum* later 
(Aftei Ai Bimix, < 300 ) 



Fig 241 — J, B , SjphuenUa jjhtuahs (x3o0) -4, swaiming cell, 2?, fonnation of swarm-spores. 

C-/7, bphuufUu Uui^thltt C, foimation of gamete* (x 400), D 3 gamete, E, conjugation of two 
gametes , F, ( r , a\ gotes (xSOO) (C-£ after Bloc hmantn ) 

colonies, but winch, unlike the types of the jProtococcoidecte heretofore considered, 
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are also provided m their vegetative state with cilia and surrounded by a delicate 
envelope. The cilia, usually two m number, project through this external envelope, 
and by means of them the Algae of this family aie enabled to swim freely about. 
In this respect they continue their vegetative existence in that condition which, m 
the case of the other P) otoeoccoideae, is only assumed transitionally by the swarm- 
spores The multiplication of the Vbhocaceae is effected by simple division of the 
ciliated cells , their sexual reproduction by conjugating gametes or by means of egg- 



zoid-paeket^ m piocess of de\ elopmeut , t , \e$?etative daughter colonies (xlSO),!?, sper- 
matozoid - packet of 32 cell&, seen ti om abo\e, C s the same seen from the side(x6S7), Z>, 
spermatozoids ( x S24> (After L Klein ) 


cells fertilised by speimatozoids The genus Sphaerclla {Haematococcus) belongs 
to the simplest solitary forms of this family, the presence of some forms of which 
(particularly S . pluvialts), on account of the hsematochrome contained m their 
protoplasm, often impait a bright red colour to small pools of water m which they 
are found. Sphaaella ntvahs , another species ot this same genus, is also the cause 
of the so-called “red-snow” of the snow fields m high northern latitudes and in the 
Alps The swarm-cells have a widely-distended envelope and two cilia (Pig. 241, 
A) They can withdraw their cilia and become resting - cells, which eventually 
separate again into several swarm-cells by the division of their protoplasmic contents 

Y 
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(£' The gurnet* whir h may 1»c pioducerl m laige numbers (32 or 64) m even 
coll possess two delicate cilia, a led eye-spot, and a cln omatophoi e Aftei 
swarming, the gametes conjugate m pairs (E) and give rise to zygotes (F) The 
zygotes btcome mvt sted with a thick wall, and seive as resting-spores (&) "While 
the gametes of Sjihift / rlhi and ot most othei Vuhocaecae aie similar and of equal 
size, in the case of Evtho itie and Vohox, which may also be considered as the 
most highly-dei eloped foim» of the whole oidei, the sexual cells are more differ- 
entiated, and assume the foim of laige passive egg-cells and small biciliate sjjerma- 
tozoids. The genus Voli ox, as 'repi evented by the species V. globator and V. 
n n, ‘tit's tV ui. 1 /lot ■ found m small pools and ditches, forms hollow, spherical 
colonies , comohia ivliieh are often laige enough to be visible to the naked eye 
The t domes aie composed of numerous cells (up to 22,000), legularly distubuted 
in a pmpheial layer. The cells aie connected lateially with each other by proto- 
plasmic thieads, usually six in number, which extend thiougli their distended cell 
walls (.Fig 242, A), and from each cell two delicate cilia aie given off externally. 
The Vohux colouus multiply i egetatively by the formation and final escape of new 
daughter colome-, resulting from the division of a single cell {A, t). Spermatozoids 
and egg-cells aie produced either in the same oi different colonies The spermato- 
zoids arise thiougli the dmsion of special cells (so-called anthendia) into numerous 
daughter < ells, which eventually form tabular packets of elongated spermatozoids 
(B, C). The antcnoi exticmity of the speimatozoids of Volvox aureus is colourless, 
and terminates m tw o cilia ; m then opposite, posterior end the spermatozoids 
contain a hught gieen chroma tophoie In the anterior poition there are a lateial 

red eye-spot, two contractile vacuoles, and a cell- nucleus [D) The egg-cells are 
piodueed by the enlargement of individual cells of the colony They are large 
and green, noil-motile, and surrounded by a gelatinous envelope {A, o ) Aftei 

fertilisation by the spermatozoids, which, m swarming, escape into the mtenor-of 
the hollow spherical colony, they become transformed into firm -walled resting 
uospores, w Inch on germination gi\ es i lse to a new colony The mother colony 
dies after the egg-cells have reached matunty. 


Order 2 Confervoideae 

The Confenoidecie exhibit, as compared with the unicellular Proio- 
coccoideae, an advance in the external segmentation of the thallus. It 
is always multicellular, and, in most of the genera, consists of simple 
or branched filaments. The thallus of the marine genus Ulva ( Ulva 
lactuca , sea lettuce) has, however, the form of a large, leaf-liSe cell 
surface (Fig. 5, p 12). Although a greater part of the Confervoideae live 
m fresh or salt water, where they are found either free-swimming or 
attached to some substratum by a colourless basal root-cell, a few 
aerial forms ( Cluoolepideae ) grow on stones, trunks of trees, and, m the 
tropics, on leaves. To this family belongs the aerial Alga Tientepohlia 
(or Choolepus) Johthus, often found growing on stones in mountainous 
regions The cell filaments of this species appear red on account of 
the hsematochrome they contain, and possess a violet-like odour. 

The asexual reproduction of the Confervoideae is accomplished by 
the formation of ciliated swarm-spores, although in many cases they 
may also develop resistant resting-spores. 
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Sexual reproduction is effected either by the fusion ot plano- 
gametes (p. 319), or the sexual cells are differentiated as non-xnotile 
egg-cells and motile spermatozoids. 


Ulufh fix zo/uftff , almost everyw here abundant in fie^h w at* i , may ^erve a typ* 
of the isogamous Cvafu undent The filaments of LI* Sinus exhibit no pnmonnted 
apical gLowth ; they aie unbranehed, attached by a lhizoid cell, and consist of single 
iows of short cells fFig, 24‘i, A \ ^ 

Each cell contains a nucleus and one _ ^ ) n 

band-shaped, green chromatophoie , , 

in the form of an almost complete i =^= = ^ { 

hollow cylinder. Asexual repro- ' 

duction is effected bv means of ,7777 ' 

- ; j 1 i 

sw arm - i>poret> (1-8), w Inch Ime | rj _ ( 

four cilia (G), and are formed by ^ 

division m any cell of the filament. 

The swarm -spores escape through ^s?3j 

a lateral opening (2?) formed by ^ 

absoiption of the cell wall, and, C 1 1 ™ y"'"’" ' 

aftei swarming, give list to new !> 

filaments The sexual swarm-eells, jj 

or planogametes, aie formed m a >:===?, \ 

similir manner by the division of ’_L»J N 

the cells, but m much greater , _ ^ 

numbers. They aie also smallei, £ ; =& i s Ijr. , 

and possess only two cilia. In other y= > 

lespeets they resemble the swaim- ^ ^ 

spores, and possess a red eye- spot r ^~~ " S St , 

and one chromatophore By the ^ ^ ' ( j 

conjugation of the planogametes m ■ „ '--■*£ > ( ;; 

pairs, zygotes ( F-IT) aie produced, // • 0$ ^ 

which, attei drawing m their cilia, ylh- jgjjl§B|| £ ’ Jl 

round themselves oti and become >< fflV / • j / 

invested with a cell wall. After \ i^pF ' \ \ s ' tI BStel *' 

a shortei or longer period of lest * ' ^ ^ \ 4jb pl|y 

the zygotes are converted into uni- j ; 

cellular germ plants (J), and give J \* F G JT 

rise t<* several sw arm - spores (A), „ 

, , , 7 v J Fig 24J — Lhtthn t zoavtn A, Young tilaznent with 

which m turn glow out into new rlu/oul cell * (<300); IJ, ijortiun of filament w ith 

filaments. Ulothnx , like many lila* escaping swarm-spores, C r single swarm-spore; i>, 

mentous Algae, passes into a so- kmnation and escape of gametes, F, gametes, F.G, 

called Palmella stage, m winch, conjugation of two gametes , //, zjgote, J, zjgote 

under ceitam conditions, the sepa- after penod ot *' a «ei ^lnision into 

uuuca uc.am.xu wuumvuo, LUC swarm-spores (After Dodel-Port, 22-A x 4S2 ) 

rate cells of the filaments give rise by 

division to colonies of cells. The individual rounded cells thus produced have often 
been mistaken for species of Protococcoidcac In this mannei, according to Chodat, 
is formed the common Phurocoeeus mthjans , which occurs as the gieen covering on 
the trunks of trees, and consists of lound cells winch multiply by division, in 
which, however, the formation of sw’arm-spores has been suppressed m the course 
of adaptation to an aerial mode of existence. In its unicellular condition, aeeozd- 
mg to Chodat, the cells are lound, and multiply by division ; they either remain 
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* 24J — Uhithn t sruiot** A, Young lilameiit with 
rlu/oul cell / ( < 300) ; L, ijortiun of filament w ith 
escaping swarm-spores, C r single swarm-spore; 2/, 
toimation and escape of gametes , E> gametes , F, G, 
conjugation of two gametes, //, zjgote, J , zjgote 
after penod ot rest. A”, zygote aftei division into 
sw arm-spores (After Dodel-Port, B-K x 4S2 ) 
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isolated or they may be united m groups of two or more , but under some circum- 
stances they produce short, branched cell filaments. 

Cladophora is a genus comprising numerous species, including Cladophora glom- 
erate, a form specially abundant m rivers. It consists of branched filaments of long 
cells, growing m tufts attached to a support, and exhibiting well-marked apical 
growth <'Fjg. 6, p. 12). The cells, unlike those of Ulothnx, are multmuclear, and 
contain also numerous polygonal, closely-crowded chromatophores (Fig. 60, p. 69). 
By the protrusion and elongation of lateral outgrowths from the cells just below 
their upper transverse walls, the filaments become extensively branched , while, in 
addition to their apical growth, they increase m length also by the division of the 
cells and the formation of new transverse walls (Fig 66, p. 64). The swarm-spores 
of this species are bieiliate (Fig. 244), and are formed m large numbers in the cells 
at the tips of the branches, from which they escape through an opening in the upper 
end of the lateral wall Having completed their swarming, they become invested 



Fig 244 — Clmlophoiti fjlome- Fig 24, j — A, 13, Oedogoiuwii A, escaping swarm-spores , 23, free 
utta . Swarm spore (x 540) swarm-spore C, D , Oedogonivm uliatum C, before fertilisa- 
tion , L } m process of feitilisation , o, oogoma ; a, dwai fe- 
males , S 9 spermatozoid (After Pringsheim, x 350 ) 


with d cell vail, and, after a period of rest, they eventually grow out into a new cell 
filament. In other species of Cladophora 9 smaller, sexual swarm-spores have also 
been observed which, as m the case of Ulothnx , fuse together m pairs in the pio- 
cess of conjugation 

The genera Oedogotnum and Bulbochaete may be quoted as examples of oojramous 
Confcrvoidcae While the thallus of the latter is branched, the numeious 
species of Ocdogoniu/n consist of unbranched filaments, each, cell of which 
possesses one nucleus and a single parietal chromatophore composed of numerous 
united bands The asexual sw arm-spores of Oedogomum are unusually large and 
have a cuclet of cilia around their colourless anterior extremity (Fig. 245, B). In 
this case the swarm-spores are formed singly, from the whole contents of any 
.single cell of the filament (A), and escape by the rupture of the cell wall. For the 
puipose of sexual reproduction, on the other hand, special cells become swollen 
and differentiated into barrel -shaped oogonia. A single large egg -cell with a 
colourless receptive spot is formed m each oogonium by the contraction of its 
protoplasm, while the w T all of the oogonium becomes perforated by an opening at 
a point opposite the receptive spot of the egg At the same time, other, gener- 
ally shorter, cells of the same or another filament become converted into anthendia. 
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Each anthendmm gives use extiiei to one or, a- is more generally the (.a,-*, to twu 
speimatozoids The speimatozoids are -mallei than the a-exual svarm--*]>o:e- 
but have a similar circlet of cilia They penetrate the opening xu the oogonium 
and fuse with the egg-cell, which then become-* 
transformed into a large, firm- vailed oovpou. On 
the germination of the oospoie its contents become 
divided into foui svarm-spores, each of which gives 
rise to a new cell filament. In the adjoining figure 
(Fig 246) a germinating oospore of Bulhurhmte 
with four swaim-sporea is rei»rescnted 

In some species of Oeclofpmu tti the process ot 
sexual reproduction is more complicated, and the 
spermatozoids are produced m so-called irwvu* 
males. These are short filaments (Fig 245 C\ a , 
consisting of but few cells, and are developed fiom 
asexual swarm-spores (androsi^oiiesj which, after 
swarming, attach themselves to the female fila- 
ments, or even to the oogorna. In the uppei cells 
of the dwarf-male filaments thus derived fiom the 
andiospores, spermatozoids axe piodueed which aie set fiee by the evening of a 
cap-like lid (Fig 245, D , a) In consequence of the greater complication m the 
process of their sexual leproduction, the oogamou-v Cutifemndea * are con^ideied to 
represent a higher stage of development than the isogamous forms 



Flo C4o 


Evlhofliw te intermedia 
A, Oospoie , I?, loiiuatiun of ioui 
swarm-spore^ m the germinating 
oospoie (Aftei Pringsheim, x 
2 >0 ) 


Order 3. SIphoneae 

The Siphoneae are distinguished not only from the Chhi ophyeeae 
but from all other Algae by the structure of their thallus, which, 
although more or less profusely branched, is usually composed of but 
one cell, or if it is multicellular, each cell contains several nuclei. In 
the first case, the cell wall encloses a single protoplasmic mass, m the 
peripheral portions of which are embedded the manynuelei and numerous 
small green chromatophores In the class of the Hyphomycetes , the 
Phycomycetes , or Algal Fungi, exhibit the same characteristic structure, 
and may be regarded as probably derived from the Siphoneae. 

The Siphoneae comprise about forty genera, which, however, do not 
include a great number of species They live for the most part in 
salt-water, although the species of Vauchena thrive in fresh- water or 
are found as terrestrial Algae, growing on damp soil Bofryilium is 
also terrestrial, while some forms of the Siphoneae are endophytic, and 
live in the leaves of the higher plants. 

Sexual reproduction has advanced to oogamy only m the genus 
Vauchena ; in other instances it is isogamous and the conjugating 
gametes are alike in form and size. 

The simplest form of the Siphoneae is represented by Hvti ycli tun, to which genus 
belongs the cosmopolitan species BotrycLum yraaidatum Tins Alga grows on 
damp clayey soil, wheie it forms groups of green, balloon-shaped vesicles about two 
millimetres m breadth. The vesicles are attached to the ground by prolongations 
from the base, m the form of a blanching system of filamentous rhizoids devoid of 
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rluouiatopliote '5 'Fig 247, A). The cell walls of the vesicle and rhizoids of each 
mdn Kln.ll enclose hut one j>i otoplast Multi] ihcation may take place vegetatively, 
hv hiulrlmg, it M ilting m the outgiowtli of a new \esicle fiom the aerial portion of 
the thallu>. After enlarging consideiahly m size and sending down rhizoids into 
the MibMratum, the young plantlet isolates itself from the mother vesicle by a 
lieu cell wall. Asexual reproduction is provided for by the formation of svaim- 
vport s In this process the whole plant becomes converted into a single sporangium 
1 iv the di\ lsion of its proto]»lasmic contents into numerous sv arm-spores, which make 
then escape through an opening at the apex. Each swarm-spore has two to four 
( hi omato] dioies, but only a single cihum, which is situated at its anterior, colomless 



Fig 247 — Dofi ydann, qwiutlaluni A, The Fig 24S — Vt tuchena sessihs A, B, A sporangium m 
whole plant , If, warm- sprue , C, piano- process of fonnation , C, D 3 E, formation of a swarm- 

gametes , a 7 a single gamete , b c , two spoie (x 03) , F, swarm-spore (x 23), G , portion of 

gametes m process of fusion , /, /} gote the colourless peripheral protoplasm m tlic anterior 

(A x 2S ; B , C x 340 ) fend of the swann-spoie (x 950) 

end (Fig. 247, B ) The formation of swaim-spores occurs only when the thallus is 
coveied with water After coming to rest the heh otac tic swarmeis (p 243) invest 
themselves with a cell wall and give use to new plantlets Sexual reproduction 
may also oceui For this purpose, in summer or m times of drought, the proto- 
plasm of the vesicles becomes hioken up into a number of rounded or angular non- 
motile spores or aplanogametes. These spores may remain at rest, perhaps for a 
period of a year or more, until supplied w ith water, when numerous small sexual 
planogametes ((?, a) are formed fiom their contents. These planogametes are each 
[provided with two cilia and a red eye-spot, and, by conjugating m pairs, give rise 
to zygotes (&-/). The zygotes round themselves off and germinate, either directly 
or after a penod of rest. The planogametes are also heliotactic. Through the for- 
mation of the gametes within the resistant resting-spores the latter acquire the 
chaiacter of gametangia. 
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The thallus ot Vinteha t*r, the only oogaruuu^ g* nu^ of ivt also ot n- 

■-ists of a single cell attached to tiie -uh^tiatuui by mean- ot eo*o\ih^ imz o,u- . 
but its aerial poition, unlike that of JSbf* i> blanched and fdann uton-s 

The svaim-spores of Vnitebcnu aie developed m special ^poiangia cat oti iioiu 
the swollen extremities of lateial branch*-. by mean-* of transv* r-e vails (Fig 218 
A-F). The whole contents ot such a sporangium become cornel ted into a single 
green swarm-spore The vail of the sporangium then ruptures at the apex, and 
the swarm-spore lotatmg on its longitudinal axi^ forces its w ay through. the open- 
mg. The swarm-spore (F) is so large as to be visible to the naked eye, and contains 
numerous nuclei embedded m an investing layer ot eolomle— . piotoplasm It is 
entirely surrounded with a hinge of cilia which piutrude m pair-, one pail opposite 
eacli nucleus (fr) Morphologically the twaim-spores of JltirUtcrtf* coi respond t«* 
the collective individual spores of Soft ydt u»u The sexual re pi eduction of Vavchcna 
is not effected like that of the other & Uphmun% by the conjugation of motile gametes, 
from which, however, as the eailier form of xepiod action, it may be considered to 
have been denved The oogoma and « 

° g C 9 

antlieudia first appear as small protu- 
berances, which grow out into short f‘ *■ ^ y>, 

lateial branches and become sepaiated I, ■ \ \ C 

by means of septa troin the rest ot the \V *Jl2 > 


thallus (Fig 249, o, 


At first, 


e * 

• n 7 

-- 

- V - OS-* 


Fig 24*1 — Vaudi?, fCbst? 1 * ’ Portion of a filament 

w itli an oogonium, o, antliendiMii, a, \h, cluo- 
matophores , a , cell nuclei ; ol, oil globules 
(, 240 ) 


according to Oltmaxxs, the rudi- a ? ^ 

ments of an oogonium contain numer- J 

ous nuclei, of which all but one, the f ~V : \ ^ * 
nucleus of the future egg-cell, retreat r 

again into the mam filament before ~ ^ 

the formation of the separative septum Fig 240 — Vawftf, *£*&<*' 9 ’ Portion of a filament 

T , j-mri'rvTVni W 2 til llll OOgOUlQUl, O, aJltlltl ItllMll, K, ill, cluo- 

Ill its mature condition the oogonium , . , , , ’ , 

has on one side a beak-like piojection ^ 240 ) 
containing only colourless protoplasm, 

while the rest of the oogonium is filled wntk numerous elnomatophores and oil 
globules The apical portion of the projection becomes mucilaginous, and is finally 
luptured by the extiu^ion of a colourless diop of piotoplasm fiom the egg -cell 
which, m the meantime, has been formed by yhe contraction of the contents of 
the oogonium The anthendia, which are alsonmltmuclear, are more or less coiled 
(<?), and open at the tip to set fiee then slimy contents, which breaks up into a 
numbei of swarnnng spennatozoids The speimatozoKU, which are \ery small 
and entirely devoid of clnomatophoies, consist chiefly of nuclear substance They 
collect around the lecepti ve-spot of the egg- cell, into which one spermatozoid 
finally penetrates "After the egg -cell lias been feitili-ed by the fusion of its 
nucleus with that of the spermatozoid, it becomes invested with a w\ill and con- 
verted into a resting oospore 

The marine S'tphoneae , on account of the moie complicated segmentation of their 
thallus, afford one of the most interesting types of algal development. The genus 
CauJct pet, represented by many species inhabiting the warmer water of the ocean, 
has a thick, creeping mam axis or stem. Inci easing m length by apical growth, 
the stem-like portion of the thallus gives off from its under surface profusely 
branched colourless rlnzoids, while, from its upper side, it produces gieen thalloid 
segments wdiich vary in shape m the different sj>ecies In Can lay a prolifem (Fig 
250) these outgrowths aie leaf-like, are frequently proliferous, and have only a 
limited grow th In other species they aie pmnately lobed or branched. The whole 
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thallus, however branched and segmented it may be, encloses but one cell-cavity, 
which is, howe\ ei, often ti a versed by a net w oik of cross-supports or trabeculae. 

The thallus of Cothiuii , also a marine foim, consists at fiist of a single cell, but 
in time de\ clops lateral outgrowths which become thickly intertwined and cut off 
by ti adverse walls In the case of Codniut Bursa, the vegetative body thus 
formed ha-, tin* shape of a hollow spheie, while the thallus of Codium tomentosum 
is cylindrical and diehotomously blanched. The genus Bryopsis, on the other hand, 
has a delicate, pinnately-branched thallus. Although onginally unicellular, the 



thallus leaves indicate the cm rents of protoplasmic mo\ e- teiianea. (Nat size ) 

went , growing apev of the thallus avis , b, b, joung 
thallus li*bes , r, lhizoids (* nat. size ) 

thallus develops lateral tubular branches that eventually become septated fiom it 
by the formation of transverse walls 

Other niaime Sqihmme become encrusted with calcium oxalate and calcium 
caibonate, and bear a lesemblance to coral, e g Halmieda, Opuntia, which lesemhles 
Opuntia on. a small scale Acctabulana meditenanea, also one of the calcareous 
Sipkoneae , has a stalked umbiella-like thallus (Fig 251) attached firmly to the 
substratum by means of rhizoids The disc consists of a number of closely-ciow ded 
tubular outgrowths radiating fro m the tip of the stalks, m which are developed the 
non-motile spores, the so-called ( Splan ospores^ ‘These are liberated when the disc 
falls to pieces, and form gametangia~(as"'m ~Bohyd% urn) , and m the latter piano- 
gametes are developed, which conjugate m pairs. 
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Class VII 

Phaeophyceae (Brown Algae) 

With exception of a very few fresh-water species, the Phaeophyceae 
are only found m salt-water. They include over 160 genera, are all 
fixed, and attain their highest development in the eolder waters of 
the ocean. They show great diversity in the form and structure of 
their vegetative body. The simplest representatives of this class (e.y. 
the genus Ectocarpus ) closely resemble the Cunfenotthne, in having a 
filamentous thallus consisting of a branched or unbranched row of 
simple cells. Some Phaeophyceae, again, have a cylindrical, copiously 
branched, multicellular thallus (e.y. Cladostephn *, whose main axes are 
thickly beset with short multicellular branches, Fig 7, p. 12) ; while 
in other cases the multicellular thallus 
is band - shaped and diehotomously 
branched (e.rj. Dirty ota, Fig. 8, p. 13). 

Growth in length m both of these forms 
ensues from the division of a large 
apical cell (Fig 7, p 12 ; Fig. ICO, p. 

148). Other species, again, are charac- 
terised by disc-shaped or globose thalli. 

The Laminanaceae and Furaccae in- 
clude the most highly-developed forms 
of the Phaeophyceae. To the first family [ 
belongs the genus Lammana found 
in the oceans of northern latitudes. 

The large-stalked thallus of the Lami- 
narias resembles an immense leaf ; it 
is attached to the substratum by means 
of branched, root-li ke hold-fasts , devel- 
oped from the base of the stalk. 

In the case of the Lammana dig data 
(Fig $52), and similarly in other species, 
a zone at the base of the palmately 
divided leaf-like expansion of the thallus 
retains its meristematie character, and 
by its intercalary growth produces a 
succession of new lammse. Each older 
lamina becomes pushed up and gradu- fig r >2 —nn,u,ian>' digitatn, fomu 
ally dies, while a new one takes its orr/c/^L ^ orth Sea " (Reflueed ^ 
place and becomes in turn palmately 

divided by longitudinal slits. The large size of their thalli is also 
characteristic of the Laminarias : L. saccharina (North Sea), for instance, 
is frequently 3 m. long and the stalk more than 1 cm. thick. 
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The greatest dimensions attained by any of the Phaeophyceae are 
exhibited by certain of the Antarctic Laminanaceae Of these, 
Macroctfstis pm if? fa is noted for its gigantic size , rising obliquely 
upwards to the surface of the water from the sloping sides of 
elevations in the ocean bed ; its floating thallus has a length of 200 
to 300 m. With the exception of a naked lower portion this bears 
numerous long pendent lobes, each of which is provided at the base with 
a large bladder-like float filled with air. Even more remarkable, on 
account of their tree-like character, are the Antarctic species of Lessomci , 
in which the main axis is as thick as a man’s arm ; from it are given 
off lateral branches with hanging leaf-like segments. The plant attains 
a height of several metres, and has a tree-like habit of growth. 

The Fucacea <?, although relatively large, do not compare with the 
Funiannamte in size. As examples of well-known forms of this 

order may be cited Fucus vesiculosus 
(Fig. 253, b), which has a band-shaped, 
dichotomously branching thallus with 
air-bladders, and Fucus platycarpus 
wdthout bladders. Both species are 
fastened to the substratum by discoid 
hold -fasts, and growing sometimes 
over 1 metre long, are found cover- 
ing extended areas of the littoral 
region of the sea-coast. Sargassum, 
a related genus chiefly inhabiting 
tropical oceans, surpasses the other 
brown sea-weeds and even all other 
Algae in the segmentation of its 
thallus, and in this respect it bears 
a close resemblance to the higher 
plants. The thallus of Sargassum 
shows in fact a distinction into slender 
branched cylindrical axes with lateral 
outgrowths, which, according to their 
function, are differentiated as foliage, bracteal, or fertile segments or 
as air-bladders Various species of Saigassum which have been swept 
away from the coast by currents, finally collect in large floating masses 
in quiet regions of the ocean (Sargasso Sea). Saigassum baccifeium is 
carried even to the coast of Europe. 

The cells of the Phaeqphyceae have usually but one nucleus. They 
are supplied with a larger or smaller number of chromatophores, 
which, in addition to chlorophyll, contain a brown pigment, PHYCO- 
phjsin, which imparts to the Algae a yellowish-brown or dark 
brown colour. Many Phaeophycme produce and store up a fatty sub- 
stance in the place of starch. Among the more highly-developed forms 
the thallus exhibits a fairly highly differentiated anatomical structure. 



Fin 253 — Fucus lesintlo^us h 9 Au-bladtlex , 
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The outer cell layers, as a rule, function as an assimilatory tissue, 
the inner cells as storage reservoirs. In some species the axial cells 
of the thallus are arranged in definite strands n*ith sieve-tube like 
elements and true sieve-tubes. 

According to the manner of their sexual and asexual reproduction, 
the Phneojjhyceae fall naturally into three orders. 


Order 1. Phaeosporeae 


In this order are included the Laminarias as well a-- the maioi ity of the other 
P]tacn/thyeenc Asexual multiplication is etiected liy means of sv arai-spores, which 
are produced m laige numbers in simple, so-called uniloculai sjtoiangia , they have 
a led eye-spot, a ehiomatopliore, and two uri.u.UTY iX'.etlted cilia Fig 2.14t. 




Fig 254 — Cla/lostephiis lettteilWus A, Closed spoiangium Fig 255 — Clndoiteph >i- mtn llct’i'*, 
(>,2S0), B, sw arm-spores escaping fiom a sporangium with gametangium paitly dis- 
(x2S0), C, a single swarm-spore (x circa 2000), with red charged (After Prijcgsheim, :■ 

eye-spot and yellow chromatophore (hr (After 500) 

Peingsheisi ) 






Many genera exlnbit also a sexual mode of reproduction lesulting fiom the 
conjugation of lsomorphous planogametes, wlntdi, except that they fuse m pan s m tlie 
formation oi zygotes, otherwise resemble the asexual . ( 

swarm-spores (Fig 256). Unlike the swarm-sj>ores 
however, they aie pioduced m many-chambered, 
p lit in lo c u L All gametangia, m each cell of which 
seldom more than one gamete is formed (Fig 255). 

The members of this older aflbid an illustration 
of a transition fiom lsogamy to oogamy In the 
small family of Cut7enaceae, to which belongs 
Zanardmia coll a ns, whose thallus is disc-shaped 
and attached at the centre, and the Cutlerias with 
a furcately-divided thallus, the conjugating gametes 
are of unequal size. The female macrogametes aie 
much larger than the male microgametes, and have their origin, one in each cell, 
m larger and fewer-celled gametangia After^swaimmg, the female gamete loses 


€f 




(/ 



Fig 2oQ — L* tomi put sthcxtlcwts a. 
Gametes, b, c, fusion of two 
gametes (After Berthold ) 
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its cilia, and rounding itself off, becomes conveited into an egg, which, after its 
fertilisation by a mioiogamete, is imested with a wall and forms a resting zygote. 


Order 2. Fueaeeae 

Asexual reproduction is wanting m this order, while sexual leproduction is 
distinctly oogamous. The oogonia and anthendia, as m Fugus vesiculosus and 
ptatyca spus, for example, are formed m special flask-shaped depressions termed 
l'oXOEPTACles, which are ci owded together below the surface m the swollen tips or 
receptacles of the dichotoniously branched thallus (Fig 253,/). The conceptacles 
of F p7atyeorpus (Fig 257) contain both oogonia and anthendia, while F. 

lesicu/osus, on the contrary, is dioeci- 
ous. From the inner wall of the con- 
ceptacles, between the oogonia and 
anthendia, spring numeious, un- 
branched, sterile hairs or parafhyses, 
of which some protrude m tufts from 
the mouth of the conceptacle (Fig. 
257). The anthendia are oval in 
shape, and are formed in clusters 
on special shoit and much-branched 
filaments (Figs 257 a, 258 C). The 
contents of each anthendium sepa- 
rate into a large number of spemia- 
tozoids, which are discharged m a 
mass, still enclosed within the inner 
layer of the anthendium (Fig. 258, 
J?) Eventually set fiee from this 
outei covering, the spermatozoids ap- 
pear as somewhat elongated, ovate 
bodies, having two lateral cilia of 
unequal length and a led eye-spot {&). 

ceptacle with oogonia of different ages (o), and The oogonia (Fig. 25/, o) are nearly 
clusters of anthendia (a), j>, paraphyses (Aftei spherical, and are borne on a shoit 
Thuret, x uica 23.) stalk consisting of a single cell. They 

aie of a yellowish-brown colour, and 
enclose eight spherical egg-cells which are formed by the division of the oogonium 
mother cells. The eggs are enclosed within a thin membrane when ejected fiom 
the oogonium (Fig 258, A). This membranous envelope deliquesces at one end 
and, turning partly inside out, sets fiee the eggs The spermatozoids then gather 
round the eggs in such numbers that by the energy of their movements they often 
set them in rotation (F, JET) After an egg has been feitilised by the entrance of 
one of the spermatozoids it becomes invested with a cell wall, attaches itself to 
the substratum, and gives rise by division to a new r plant. In the case of other 
Fueaeeae which produce four, two, or even only one egg m their oogonia, the nucleus 
of each oogonium, according" to~ OltSiastns, nevertheless first divides into eight 
daughter nuclei, of which, however, only the proper numbei give rise to eggs 
capable of undergoing fertilisation The oogonia, accordingly, of the Atlantic 
Simanthaha lorea, which produces only one egg, just as those of other species in 
"which two or four are developed, may be regarded as having been evolved phylo- 
genetically from oogonia in which eight eggs are formed. 



Fig 25$. — A~F, Filcus plat warp a s A , eight egg-cells extruded from the oogonium, still surrounded 
by the inner layer of the cell wall, B , contents of an antheridiuin sui rounded by the inner 
layer of the cell wall, C, an anthendium lived m alcohol and stained with hoeinatoxylm , D, 
section of contents of an oogonium similarl\ treated and stained , E , egg cells set fiee by the 
rupture of the inner layer of the oogonium by which they w ere en\ eloped w hen first extruded , 
F, an egg- cell with spermatozoids G, if, Facto* vb>icuIo&us G , spennatozouls fixed by a 
solution of iodine ; H } an egg-cell with spermatozoids (Cand G x 540 , other hgs x 240 ) 
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Order 3, Dietyotaeeae 

In this oidci then* aie only a few ioixns (e # Dictyota clichotoma, Fig. 8, p 18), 
The a*at xual spore^j of which only two or four aie formed m a sporangium, aie non- 
mot lie The sexual organ* are differentiated into oogoma and antliendia Each 
oogonium contains a single egg-cell, w Inch it eventually ejects, and the anthendia 
piod uce numerous rpehmatix or non-motile male cells without cilia. The process 
of teitilisation ha* not a* yet been obsei\ed In the form of their spores and 
spermatia the Jjtcty^taecac lesemble the Ilk odu ph ycea c, from which, however, they 
are (ltetmgiushrd bv the absence of a tnchogyne and hy their chaiacteri&tic fiuit- 
f urination 

Economic Uses, — The dned stalks ot the officinal Laminaria digitata , forma 
Chnf^ttHu ^Phaim gum ), aie used as dilating agents m surgeiy. Iodine is ob- 
t uned horn the ash (varee, kelp) of various Latninanctceae and Fueaceae , and 
fuimeily soda Many Laminarias aie ncli m maniute (c.t 7. Laminaria sacchamaa ), 
and are used m its production, and also as an aiticle of food by the Chinese and 
Japanese Species ot Alaaa aie used as an article of food m the Polai regions 
The huger Phacuphyceac are utilised also as manure. 


Class VIII 


Rhodophyceae (Red Algae) 

The Rhodophyceae or Flondeae, of which about 280 genera are 
known, constitute, like the PhaeopJujceae , an independent group of 
Thallophytes, for whose phylogenetic derivation from the lower Algae 
there is, as yet, no positive evidence. They are attached to some support, 
and almost exclusively marine, and specially characterise the lowest algal 


region on the coasts of all oceans, 



C nat size uffwixal.) 

thallus is flattened and ribbon-like 


>ecially in temperate and tropical 
latitudes. A few genera (e.g. 
Rati achospei mum, Lemanea , Hilde - 
brandtia) grow in fresh-water 
streams. 

The thallus of the red Algae 
exhibits a great variety of forms. 
As in the brown Algae, there 
are no single-celled forms like 
those characteristic of the Sipho- 
neae. The simplest forms are re- 
presented by branched filaments 
consisting of single rows of cells 
(e.g Callithammon) In other cases 
the branched filamentous thallus 
appears multicellular in cross- 
sections In many other forms the 
(e.g. Chondrus crisjms, Fig. 259; 
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Crtf/rntiuu maruunlloNt, Fig. 2G0) . while in still other species it cond-t- 
of expanded cell surfaces attached to a substratum. 

The forms with more advanced segmentation resemble the vasculai 
plants externally, and exhibit a 
differentiation into a cylindrical 
axis and flattened leaf-like thalloid 
branches which, as in IMosetia, 

( Hydi olapathum ) sanymneu, may 
even be provided with middle and 
lateral ribs (Fig. 9, p. 13). All 
the Flondeae are attached at the 
base by means of rhizoidal fila- 
ments or discoid hold-fasts In 
the more delicate species the cell 
walls are thin ; while in the firmer 
and more compact forms they are 
mucilaginously thickened. The 
thalli of the Cot alhnaceue, which 
have the form of branched fila- 
ments or of flattened or tubereu- 
late incrustations, are especially 
characterised, on the other hand, 
by their coral - like appearance, 
owing to the large amount of calcium carbonate deposited m their cell 
walls. The calcareous Flondeae are chiefly found on coasts exposed to 
a strong surf, especially in the tropics 

The Rliodophyceae are usually red or violet; sometimes, however, 
they have a dark purple or reddish-brown colour. Their chromatophores, 
which are flat, discoid, oval, or irregular-shaped bodies and closely 
crowded together in large numbers in the cells, contain a red 
pigment, phycoerythrix, which completely masks the chlorophyll. 
True starch is never formed as a product of assimilation, its place 
being taken by other substances, very frequently, for example, by 
Floridean starch. The cells may contain one or several nuclei 

Reproduction is effected either asexually by means of spores, or 
sexually by the fertilisation of female organs by male cells. 

The asexual spores aie non-mo tile , they have no cilia and aze simply naked, 
spherical cells. They are pioduced, usually, m groups of lour, by the dmsion of a 
mother cell or sporangium, from -which they aie m time set iiee by the transvei&e 
rupture of its walls. The sporangia themselves are nearly sphencal or oval bodies 
seated on the thalloid filaments or embedded m the thallus. In consequence of 
their usual formation in foius, the spores of the Flondeae axe termed tetrAspukec 
(Fig. 261) They are analogous to the swarm -spores of othei Algae; smulai 
spores are found also m the Dictyotaccac among the brown Algae 

In the development of the sexual organs, particularly the female, the Jthodu- 
phyccae diffei widely from the other Algae Ba t mchospcrm u hi momlifonue , a 
fiesh- water form, may serve as an example to illustrate the mode of their formation 
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Thu Alga possesses a brow nidi tliallus, enveloped in mucilage, and consisting of 
\ ertieillately branched filaments Tlie sexual organs appear in the autumn and 

form on the branching -whorls glomeruli 
or spherical bodies composed of short, ladi- 
ating branches 

The anthendia, also known as sperma- 
tangia (Fig 262, A), are produced, usually 
m pairs, at the ends of the radiating 
branches of a glomerulus. Each anthen- 
dium consists of a single thin-walled cell, 
m which tlie whole of the protoplasm, as 
is the rule in all Ithodophyceae, is con- 
sumed in the foimation of one uninuclear 
sPERirATim The spermatia are nearly 
spherical, and immediately after their dis- 
charge from the anthendia {A, % s ) are 
naked, hut afterwards become invested with 

FIO 201 -^lUmw^ncomMb.surn .4, Closed - 1 thin outer membrane or cell wall. They 
ptuangium M, emptj sporangium with contain a single nucleus, and are lion- 
four e\iaii*«iltetraspores. (After Thlp.et ) motile, like the ciliated spermatozoids of 

the other Algae, and have therefore re- 
ceived dfetmeta-e name. In consequence of their incapacity for independent 
mot ement, They must be earned passively by the water to the female organs, which 
are situated neai tlie anthendia at the ends of other branches The female organ 




Fig — EaitxtcUObpct »ium month form* A , Male branch with anthendia, isolated by pressure ; 

a spennatium , s, a spermahum escaping from an antlieridium, i, an empty antheridium 
A female blanch with an unfertilised caipogonnun, t 7 basal portion, t , tnchogyne of cai po- 
lonium C\ female branch with fertilised carpogomum ; s, the sperroatmm aftex the fusion 
of its contents with the tnchogyne, c, fertile filaments developing from the basal portion 
of the carpogorunm. < x 540 ) 


is called a caupogoxium (Fig 262, B), and consists of an elongated cell with a basal, 
flask-shaped portion (e) prolonged into a filament, termed the trichogyne ((). The 
basal portion contains the egg, which is provided with a large nucleus and chro- 
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matophoies, while the tricliogvne functions a- a receptive organ fnr the -p* 
one or two ot which fuse with it, and the contents, escaping through the i-pennati 
wall, pass into the carpogonium. The sperm nucleus probably in thi« ca*-e ju^t 
as has been demonstrated by Wilie for Senwltoii, passes down the trichogyne and 
fuses with the nucleus of the egg-cell The fertilised egg does not become converted 
directly into an oospoie, but, as a result of fertilisation numtious branching fila- 
ments teimed go mmo blasts grow out from the side^ of the \entrai portion of the 
caipogomum At the same time, by the development of outgrowths from cells at 
the base of the carpogonium an en\ elope is foimed about the fertile gommoblasts. 
The whole product of fertilisation, including the sui rounding envelope, con- 
stitutes the fi notification, and is teimed a cvsTo* ari* The prof uselv- branched * 
gommoblasts become swollen at the tips and give use to spherical, uninuclear spoies* 
known as carpo&porejs, which aie eventually set hee ham the envelope. In the 
case of Batfaeliospci mwn the carpospoies pioduce a filamentous protonema, the 
terminal cells of which give lise to asexual unicellular spores. These spores serve 
only for the multiplication of the protonenia Ultimately, however, one of the 
lateral branches of the protonema develops into the sexually differentiated fila- 
mentous thallus The production of spores by the protonema is analogous to the 
formation of tetiaspores by othei Flondeac 

The formation ot the cystocarps and caipospoies is much moie complicated 
m the case of other genera, but they originate m a similar mannei from carpogoma 
provided with trichogynet,. 

Choreocolax dibits, a IsToith Sea Floridean species, descubed by Kuckulk, is of 
special interest It glows as a paiasite on another red seaweed, Bhodotncla suh- 
fusca , on which it appears m the form of a small white cushion-like growth As 
a result of its parasitic mode ot life the formation of chromatophores has been 
entirely suppressed, and thus m Choreocolax alius a tiue fungus-form is repiesented. 

Economic Uses — Gujattina mcurumllosa (Fig 260), with cone -like cyst ocaips 
2-5 mm m length, and Choadrus enspus , with oval cystocarps about 2 mm. long, 
sunk m the thallus tetraspores. Both torms occur m the North Sea as purplish-red 
or purplish-biown Algae , W’hen dried they have a light-yellow colour, and furnish 
the official Carragheen, “Irish Moss,” used in the piepaxation ot jelly. Agar-Agar, 
which is used for a similar purpose, is obtained from various Flondeac, Graetlaria 
lichenoides supplies the Agai of Ceylon (also called Fucus cuaylaceus ), JEucheumcr 
spino&um the Agar of Java and Madagascar. Muscrs hel^iixihochortus, consist- 
ing of a mixture of different marine Algae, was formerly used as a specific tor w onus 
and goitre. Corallina officinalis, a calcareous species ot Flondeac , ivas at one 
time officinal. 


Class IX 

Charaeeae (Stoneworts) 

The Characeae form a sharply-defined group of Thallophytes, 
distinctly characterised by the complicated structure of their sexual 
organs. They may originally have been derived from the Cottfervoicleae ; 
but the process of their evolution is uncertain, as all intermediate forms 
are lacking, while they show in their structural development a higher 
stage of organisation than any of the existing green Algae. The 
z 
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Chameeae , which include six genera and about 160 species, grow m 
fresh or brackish water, attached to the bottom and covering extended 
areas with a mass of vegetation. In some species their cylindrical main 
axes are over a foot in length, and are composed of long internodes 
alternating with short nodes, from which short, cylindrical branches 

are given off in regular whorls with a 
similar structure but of limited growth 
(Fig. 263). The lateral axes are either 
unbranched or give rise at their nodes to 
verticillate outgrowths of a second order. 
From the axil of one of the side branches 
of each whorl a lateral axis resembling the 
main axis is produced. The attachment 
to the substratum is effected by means 
of branching rhizoid outgrowths from the 
nodes at the base of the axes. 

Both the main and lateral axes grow 
in length by means of an apical cell, from 
which other cells are successively cut off by 
the formation of transverse walls. Each 
of these cells is again divided by a trans- 
verse wall into two cells, from the lower of 
which a long, internodal cell develops with- 
out further division , while the upper, by 
continued division, gives rise to a disc of 
nodal cells, the lateral axes, and also, in 
the lower portion of the mam axis, to the 
rhizoids In the genus Kitellci the long 
intern odes remain naked, but m the genus 
Cham they become enveloped with a cor- 
tical layer consisting of longitudinal rows 
of cells which develop at the nodes from 
the basal cells of the lateral axes. 

As a result of the fragmentation of its 
original nucleus, each internodal cell is 
provided with a number of nuclei which lie embedded in an inner and 
actively moving layer of parietal protoplasm. Numerous oval cliloro- 
plasts devoid of pyrenoids are found m the internodal cells, disposed 
m longitudinal rows immediately beneath the cell walls. 

Asexual reproduction by means of swarm-spores or other spores is 
unrepresented in the Chmaceae Sexual reproduction, on the other 
hand, is provided for by the production^ of egg-cells and spermatozoids. 
The female organs are egg-shaped. They are visible to the naked eye, 
and, like the spherical red-coloured antheridia, are inserted on the nodes 
of the lateral axes. With the exception of a few dioecious suedes the 
Chameeae are monoecious. ’ 



Fig — Vltiuu Jnufthi End of 

main shoot (Nat size ) 
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Chant fntrjtiiSi a \eiy coniimm^jeci^ nuj I« taken a- a tjpf *»t ttu tJan,nc* •> 
In this instance the sexual oigans aie piorluud m pan-* on the nodes *>t the short 
branches, the anthenJium lsdnected downwards, and the* oogonium upwaid^ , F lg 
264, E) The anthendium has a complicated stiurtiuv, and in tlu^ 1 expect exhibits 
a higher stage of development than the nimilaily nanif d oigans cf the Houses and 
Vascular Cryptogams Tlie antheiidium is attached to tin node of the to tile branch 
by a stalk-cell (A, p) and a basal nodal cell an . The antlienduun lias the foim of a 
hollow & pheie, the wall ot which consists of eight flat cells touted shiej,!^. The 



Fig ,264 — Chma jititjthb A , Median longitudinal section through a lateialaxih /, and the sexual 
oigans w t hieh it beais(x 00), a, anthendium borne on the basal nodal cell tat, b\ the stalk - 
cell i*, m, manubrium, ob, an oogonium, tin, nodal cell, the stalk-cell , t\ pivotal cell 
r, the crown I), a lateral axis beanng axes of the third ordei t») , a , anthendium, 
o, oogSnmm 


four uppermost shields aie tuangular , the lower tom, m consequence ot then 
insertion on the stalk-cell, aie trapeziioim in shape It is to the presence of led 
chromatophoies in the shields that the led colour ot the antheridia is due. In 
cross-section (Fig 264, A, a) the walls of the antheridia seem to be composed of 
many cells in consequence ot the apparent segmentation ot the shields by the 
ladial infolding of their w’alls Fiom the middle ot tlie inner wall of each shield a 
cyhndiieal cell called the m a.’nt bm y m (at) pi ejects inwards towards the centre of the 
anthendium- Each manubrium terminates m a knob like cell oi CAPiruLtrM, liom 
which a laige number of long simple filaments composed ot shoit cells glow out 
into the cavity ot the anthendium The speimato/oids are produced m the cells ot 
these filaments , m each cell only one, but collectively comprising an enormous 
number (as many as 40,000 m one anthendium) The spermatozoids make their 
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escape from the mother cells and au* set free m the -water by the sepaiation of the 
shields. They have the appeal ance of spirally-coiled corksciew-like threads, and 
bear tiro cilia at their anterior extiemity (Fig. 70, A, p. 67). In the form of their 
.spermato/oids the Chtnoccne diffei from the Algae and bear a closer resemblance 
to the li> iiojjh [tt a and Ptci hJophyta. The female oigan, or oogonium, has a brownish 
colour, is oval m shape, and somewhat larger than the anthendia. It is attached 
to the same cell (iia) as the anthendium by means of a stalk-cell (Fig 264, A, p) 
Between the egg -cell and the stalk -cell are interposed a nodal cell ( no ) and 
the so-called t: Wendungszelle ” (v) The large egg-cell, which is full of starch and 
oil globule-., is completely enclosed by an envelope formed of five, spirally- winding 
tubes which spring from the nodal cell. The enveloping tubes terminate m a 
ciown ',«.*> composed of five ccdls cut off from them by transverse walls. At the time 
of feitilisation the enveloping tubes sepai ate a little from each other at the 'neck 
of the oogonium just below the crown-cell , through the fissures thus made, the 
spermatozoids entir the egg-cell The egg, after fertilisation, now converted into 
an oospore, becomes invested w ith a thick, colourless wall. The inner walls of the 
tubes become thickened and encrusted W'lth a deposit of calcium carbonate, 
w hile the external walls of the tubes soon become disintegrated , the brown mnei 
walls of the tubes, strengthened by their layer of calcium, continue as a protective 
covering attei the oospoie has fallen from the parent plant. 

With few modifications, the structure of the sexual organs is the same in the 
other Chant ceac. 

The oospore, on germination, gives rise first to a simple, filamentous row of cells, 
the proembryo From the first node of the proembryo rhizoids are produced, 
while at the second node there arise, together with a few simple lateral axes, one 
oi moie mam axes, which finally develop into a full-grown plant 

The formation of tuber-like bodies (bulbils, starch-stars) on the lower part of the 
axes is chaiaetenstic of some species of the Characeae These tubers, which are 
densely filled w ith staich and serve as hibernating organs of vegetative repioduc- 
tion, are eitliei modified nodes with much shoitened branch whorls (e g. m Toly- 
pcllopms steUujeia, when they are stai -shaped), or correspondingly modified rhizoids 
{c.g. the bulbils of Chant aspera). 

Clue a enmta affords the only example of parthenogenesis (p. 68) 
known in the vegetable kingdom , its egg-cells, without previous fusion 
with spermatozoids, are converted into spores capable of further de- 
velopment. In the Flora of Northern Europe female plants only are 
found. 

Class X 

Hyphomyeetes (Fungi) 

The Hyphomyeetes or Eumycetes were formerly classified collectively 
with the Myxomycetes and Schisomycetes as Fungi. They are, however, 
quite distinct from each of these classes, and should probably 
be viewed phylogenetically as representing saprophytic or parasitic 
forms of the Chlorophycecte, in which a complete absence of chlorophyll 
and chromatophores has resulted from their manner of life. Their 
cells are provided -with distinct but, m most cases, very thm walls 
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(p. 80), and contain numerous small nuclei dispersed throughout their 
colourless protoplasm (Fig. 61, p. 60). In the cell contents are fre- 
quently found flat globules and also glycogen, but never true starch. 
Of all the Hyphomycetes the group of the Phy> nmyccfes — the Water or 
Algal Fungi — although occupying the lowest position, exhibit the 
most evident connection with the Chlorophyccae. Their resemblance 
to the Siphoneae, in particular, is especially pronounced, as their fila- 
mentous, vegetative thallus consists of a single, simple, or profusely 
branched multinuclear cell (e g. Mur„i\ Fig 269, p. 347). The thallus 
of the higher Hyphomycetes is similarly formed of much-branched fila- 
ments, but the filaments are septate, and so consist not of one 
cell but of a row of cells. The filaments, whether septate or 
unseptate, composing the thallus of the Fungi are termed hyphje ; 
the- whole vegetative portion of the thallus formed by them, the 
mycelium The hyphae of a mycelium are, as a rule, either 
isolated or only loosely interwoven ; they spread through the 
substratum in all directions in their search for organic nourish- 
ment. In many of the higher Fungi, however, the profusely and 
irregularly branching hyphae become so inseparably knotted and 
interwoven, that they seem to form compact masses of tissue. Where 
the filaments in such cases are in intimate contact and divided into 
short cells, an apparently parenchymatous tissue or PSEUDO-PAREN- 
CHYMA is produced. Such compact masses of hyphal tissue are 
formed by some species of Fungi when their myeelia, in passing 
into a vegetative resting stage, become converted into Sclerotia, 
tuberous or strand-like, firm, pseudo-parenchymatous bodies, which ger- 
minate under certain conditions (Figs 97, 98, p. 87). In the fruc- 
tifications of the higher Fungi the hyphae are also nearly always 
aggregated into a more or less compact tissue (Figs 95, 96, p. 87). The 
walls of adjacent cells or filaments of the mycelium are frequently 
absorbed at their points of contact, and an open communication is 
thus established between them. 

Sexual reproduction is positively known to occur only in the 
Phycomucetes or Algal Fungi In this respect they approach on the 
one hana the Conjugatae, on the other the oogamous Confei rndeae and 
Siphuneae, and have, accordingly, been divided into the two groups of 
the Zygomycetes and Oomycetes. In both groups a complete reduction 
of all sexual differentiation is sometimes manifested, while, in the 
higher Fungi, the existence either of sexual organs or sexual repro- 
duction has not been certainly proved, whereas in the green, inde- 
pendently assimilating Algae exactly the reverse is true, and sexual 
differentiation not only becomes more evident but the sexual organs 
more complicated the more advanced the development. 

The formation of asexual spores is, on the contrary, of general 
occurrence, and is effected in a great variety of ways. The produc- 
tion in sporangia of large numbers of ciliate swarm-spores is only 
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found to take place in the Phycomycetous group Oomycetes, which are 
classed on this account nearest the Chloi qphyceae. In the Zygomycetes, the 
second group of the Phycomycetes , and in all the higher Fungi, the asexual 
spores are non-motile, and invested with a cell wall. This difference 
is explained by the mode of life Swarm-spores are produced only by 
such Ply* omycdeo as live either constantly or occasionally m water ; non- 
motile walled spores, on the other hand, are adapted to dissemination 
by wind, and are accordingly peculiar to the terrestrial Fungi. 

The manner m which such asexual spores are formed shows great 
variation, anil serves as the principal means of characterising the 
different groups of the higher Fungi. Two entirely distinct modes of 
spore-formation may be recognised. 

1. The formation of ENDOSPORES WITHIN SPORANGIA by the divi- 
sion of the contents of the sporangia and the production of numerous 
spores by subsequent contraction (Fig. 270, p 348). The sporangia 
are situated, as a rule, at the extremities of special mycelial branches 
termed sporangiophores. 

2. The formation of oonidia (exospores) by the abstnction of 
spore cells from the ends of elongated hyphse, which are for the most 
part converted into special C'ONIDIOPHORES (Fig 276, p 353). Both 
modes of spore-formation occur in their most primitive form in the Zygo- 
mycetes, in some cases both methods are represented in the same genera. 
Transitions between both modes of spore-formation are also observed 
m certain Zygomycetes, and it would appear probable that a comdium 
is a more recently developed form of sporangium, and equivalent to 
a sporangium with one spore In classifying the higher Fungi which, 
unlike the Phycomycetes, have lost all indications of sexuality, they 
may be best treated as derived from the Zygomycetes and divided 
into two different series 

In the first series are included the lower and smaller group of 
the Ilemiasci and the higher, more variously modified group of the 
Ascomycetes. This series, like the sporangia -bearing Zygomycetes, has 
retained as its principal asexual fructification the sporangium, but 
elongated and modified into an ascus or tubular spore-case. Spores, 
usually eight m number and arranged m a row, are produced within 
the asci by free cell-formation (Fig. 273, p 351). 

The second SERIES, comprising the Henubasicln and the more 
highly developed Basicliomycetes, has been derived from the comdii- 
ferous Zygomycetes. The groups in this senes have retained the 
conidial fructifications, and developed them still further as basidia, 
or comdiophores specialised in form and size and in the number of 
their spores. There are various forms of basidia, the most usual 
being that of the Mushrooms and Toadstools, where four spores are 
cut off from the ends of a club-shaped support on four slender stalks 
or STERIGNATA (Fig, 290, p. 368) 

In both the first and second series, in addition to the principal 
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fructifications in the form of asci or basidia, there occur al-o a«'i v>~ 
SORY fructifications in which conidia of various form-- are produced 
Both series also exhibit an mci easing complication in the arrange- 
ment of their respective asci or basidia. While m the simpler 
groups the asci or basidia arise free on the hypha?, in the more highly 
developed Ascomycetes and Bu^nhomifettes more or less complicated 
fructifications are produced, asciis fructifications in the former, basidia 
fructifications in the latter. In both of these last two groups fructi- 
fications, externally very similar and of a tuberous or toadstool-1 ike 
shape, are often formed The asci and also the basidia are disposed 
m a definite layer or HYMENIUM, which is in part composed of sterile, 
club-shaped cells termed paraphyses (Fig 290, p 368). The 
hy menial layer covers the walls of the external cavities of the fructi- 
fication or is exposed on its surface at definite points. 

In addition to the sporangia and conidia there occurs also a 
third form of spore-formation, the so-called f'HLAMYDOSPORES (en- 
cased spores). These spores ma} T be produced by the Phyromycetes as 
well as by the higher Fungi The chlamydospores are usually formed 
in rows on hyphse , they are regarded as rudiments of sporangia 
or of eomdiophores which, interrupted in their development, have 
assumed the form of spores, and like them serve the purpose of 
asexual reproduction (Fig 272, p 350). On germination they usually 
develop into either sporangia or conidiophores The Hyphomycetes 
may be classified according to the following system of Brefeld, 
established in conformity with the preceding principles 


A Algal Fungi , Phyeomycetes, with unicellular mycelium and sexual 

reproduction 


Sub-Class 1. Oomycetes. 

With oogama and antheudia , 
asexual repioduction usually by 
means of swarm-spores. 


Sub-Class 2 Zygomycete* 

Zygospores foimed , asexual 
lepioduction bj means of spoi- 
angia oi comdia 


j B. Highei Fungi, hypha: septate and without sexuality. 


Series 1 . Sporangia-bearinu 
Fungi 

With sporangia, m addition to conidia 

Sub-Class 3 Hemuisci. 
Sporangia resembling asci 

Sub-Class 4. Ascomycetes. 

Sporangia developed as true 
asci 


Series 2. Conidia-bearing 
Fungi 

With conidia ; no spoiangia 

Sub-Class 5. Hemihasidn. 

Comdiophoies resembling basidia 

Sub-Class 6. Basuhomycete 
Comdiophoies developed as 
tiue basidia. 


The Hemiasci and JETeinibasidii were classified as J lesomycetcs by Brefeld , the 
Ascomycetes and Basidiomijcetes as Mycomycctes 
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Sub-Class 1. Oomycetes 

To the OtnaifctJes belong a large number of genera which live either 
in water upon decaying organisms, or on land, parasitic on higher 
plants In the formation of their sexual organs, oogonia, and an- 
thendia, as well as of asexual swarm- spores, they often show a 
striking resemblance to certain of the green filamentous Algae. 
Within this group, however, a reduction of all sexual differentiation, 
even to its complete disappearance, may be observed 

' 1. The 3Io,iob?cjjha/'tfh,ieac m.iy be placed first m a senes illustrating gradual 
i eduction, — the only family of all the Hyphomycetes which still pioduce well- 
developed bpevmatozonls m anthendia. They compose but two genera, with 
altogether only three species, and have a unicellular, blanched mycelium, which 



Fig — Monublephai is spline t icct End of filament with terminal oogonium (o) and an anthendium 

O') , 1, before the formation of the egg-cells and spermatozoids , 2, speimatozoids (*) escaping 
and approaching tlie opening of the oogonium , 3, o*sp, ripe oospore, and an empty antheri- 
dium, (After Cornu, x SQO ) 

lives m watei upon decaying organic matter. Asexual reproduction is effected by 
means of umciliate swarm-spores, formed m large numbers m terminal sporangia 
The sexual organs have the form of teiminal oogoma and anthendia borne at the 
tips of certain hyphse ; the former contain one egg-cell, and the latter numerous 
umciliate spermatozoids (Fig 265). The spermatozoids make their escape through 
an opening in the anthendium and fertilise the egg-cell, which then becomes trans- 
formed into a spinous oospore In the formation of their sexual organs there is an 
evident resemblance betw een the Monohlcphavidmem and the algal genus Oedogomum. 

2 In the family of the Pcronospoo eae a i eduction of sexuality is observable 
m the anthendium, m that its protoplasm, although multmuclear, does not 
divide into spermatozoids. All the numeious species of the family are parasites. 
Their profusely branched unicellular mycelium penetrates the tissues of the 
higher plants, and is frequently the cause of death In damp climates, 
certain species occasion epidemic diseases in cultivated plants, and are highly 
destructive Thus, the mycelium of Phytophthora i/ifestans , the fungus which 
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causes, the Potato disease, lives, m the intercellular <■ paces, of the lea 1 , i - ani t:ibu- 

of the Potato plant, and by penetrating the cells with its shoit han-toi ia it had- m 

the discoloration and death of the foliage and tubers Sexual leproduttive organ- 

have not as, yet been obseived m this species. Asexual oval sporangia are formed 

on long branching spoiangiophores 

which grow* out of the stomata, par- 6 C 

ticularly from those on the under side \ ,-J 

of the leaves (Fig 266 J, and appear | ^ 


n ** » * 


which grow" out of the stomata, par- fe C 

ticularly from those on the under side \ d 

of the leaves (Fig 266), and appear | 

to the naked eye as a wdute mould. Vn \J 0 

The sporangia, at first tei minal, are f / j*y 

cut off by tiansver&e w-alls fiom the J E^r f 

ends of the branches oi the sporangio- ^ v J ji j* 

phore, by the subsequent grow’th of 

wdnch they become pushed to one * j v 

side, and so appear to be inserted Y j f ^ 

lateially. Before any division of V \ Jy j (,'* 

their contents lias taken place, the \ i 

sporangia ( B ) fall off and are dissemi- j -t 

nated by the w md , in this w a v the I < 

epidemic becomes widespread. The j j j C 

development of swarm-spores m spor- l\ I j /X, 

angia is effected only m water, and II j ./j \ 

is consequently possible only in w*et l| j Xi V ( If*'- ^ 

weather. In this process the con- 1 / X,. J J j A { V 'd 

tents of the sporangium divide into J y jl tyr 

several biciliate swarm-spores (C, D). ( 8 j VI 

Each of these spores after escaping || / j P Z? / 

from the sporangium gives rise to a ILfy-'gfir/j i j' / 

mycelium, which penetrates the L 

tissues of a leaf The sporangium /O 

may also germinate directly without S^^vy* I 

undergoing division and forming ^ 

swarm-spores • it then has the value '- / C 

of a single spore cut off from a sporo- r 

phore, and in that case may be re- fXr s “ v \ 

garded as a comdium A similar 

transformation of sporangia into FlQ ~* 4, ^ face 04 tlie e ? , * er * n18 * a 
- x ±r potato leaf, with sporangiopliorea. of Pftytupfithoia 

conidia is found in othei of the tnftstans projecting fiom the stomata (x 00) , U, 

Peronosporectc as a result of then a ripe sporangium , C, another m jjrocess of 

transition fiom an aquatic to a ter- cU\wiun , D, a swarm-spcue (i3*D x 540 ) 
restnal mode of life 

Plasmopara, uticola , an extremely destructive parasite, also produces copi- 
ously branched sporangiophores and occasions the “False Mildew 99 of the leaves 
and fruit of the Grape-vine Cystopvs Candidas , another very common species, 
occurs on Cruciferae , m particular on Ccipsclla bursa pastons , causing white 
swellings on the stems. In this species the sporangia are formed in long chains on 
the branches of the mycelium under the epidermis of the host-plant, and produce 
numerous sw-arm-spores 

The sexual organs of the Peronosporcac show , m the manner of their formation, 
a close resemblance to those of the genus Vaucheria (p. 82?). They arise within the 
host- plant — the oogoma are either cut off by transverse ivalls as spherical swellings 


Fig 2<5G — A, Surface Mew of the epidermis of a 
potato leaf, with sporangiophores of Pliytoplitho* a 
i uifistans projecting fiom the stomata (x 00) , 1J, 
a ripe sporangium , C, another m j>rocess of 
cIiMSion , D, a swarm-spoie (12-D x 540 ) 
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Fff* J»*7 — Fifth* f hit qrauh' -1, Before, I), riming, 
C, aflet feitilisatiuu , u, no"oniura , ft, anther- 
tffimn (After Dr B*p^, > sOO ) 


fiom the encU of the hyph.e, 01 sometime's intercalated throughout then length, 
the anthrndia aie developed septate tubular outgrowths just below the 
oogorna The contents ot the oogonium become differentiated into one laxge 
cential oosphere, which is sepal ated by a thin membiane from the penpheial 
periplasm. In the process of feitihsation the antliendium sends out a tube which 

penetrates the oogonium until it reaches 
the oospliere. The tube then opens 
r ,i | j’ ES ^ ' WfiiiA i ip ji — -v at the apex and the contents ot the 

0 ° J antheiidmm pass into the oo&pliere 

\ A f C J / (Fig 267) After the feitilisation of 

the oosplieie has been effected, the 
sunoundmg periplasm becomes tians- 
foinied into an outer spoie-wall 01 epi- 
sponum. The oospoie then gives rise 
either directly to a germ-tube (piomy- 
celuun) ox fiist de\elops sw'aim-spores. 
In the case ot Perotiospo* a parasitica, commonly found on members of the 
Uruetjerar, the beha\ lour of the nuclei has been more closely investigated The 
young oogonium contains numeious nuclei, but although their numbei is increased 
/circa 112) by lepeaterl division, only one nucleus is enclosed m the oosplieie, the 
lest remaining m the penplasm The antliendium is also provided with several 
(6-12) nuclei, ot wdnrh only one passes into the egg-cell and fuses with its nucleus 
3 The SaproJcfftueae, the thud family of the Oomycetcs , have also a piofuselv 
blanched unicellular mycelium, but, unlike the Pcromspm eac, they live m watei, 
upon the suifaee of decaying plants, insects, and 
even upon li\ mg fishes. Foi the pm pose of asexual 
i eproduetion they develop teiminal club-shaped 
sporangia, which pioduce numerous bieiliate swaim- 
spoies, as m the genus Oladophoi a (p 324) In the 
production of sexual oigans, teimmal cells of tlie 
mycelial liyphse aie eonveited, as m the Perono- 
spoicac , into splieiical oogoma, which give use to a 
laigei (as many as 50) oi sinallei number of egg-cells, and 
less frequently only to one (Fig 268) The antheudia 
of tlie Sapiolccjmcac are also tubulai, and spring 
from the liyphre, usually just below the oogoma 
Applying themselves to the oogoma, they send out 

feitilising- tubes to the egg-cells (Iig 268), which Fig 2Q S — Aihlya polyttndut if, 
then become converted into thick -walled oospores 
In some Sapiolegnieae no antliendia are formed, and m 
otheis they only appear occasionally , m such cases, 
therefoxe, all sexual differentiation has 'been entirely 
lost. 



Au antherulium *Tuth two 
fertilising tubes (/j) penetrat- 
ing the oogonium (o)to tlie tw o 
egg-cells (After De B\rv, 
X 330 ) 


4. In the Ooaiycetes are also included the Chyt ? itheac , small parasitic Fungi 
whose umeellulai mycelium is only feebly developed, and in some geneia is 
reduced to a simple saccate cell, completely filling the host-cell. Sexual repro- 
duction lias been observed only m a few foims \ they usually m ultiply by means of 
asexual swaim-spores formed m spoiangia 

5. The JEntomophthoi eac , finally, take ail intermediate position between the 
Oomycetes and Zygomycetes They live, as jiarasites, m the bodies of insects and 
eatei pillars, etc., and ultimately cause their death. The best-known species is 
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Enipusci J fusroe, illicit make'- Us app< aiaiio in the a’.t uni* i-n t’ > * <r on < p ..-i 
fly. The nij celial filaments of this Ftiiigu- Weak n*»t of t.u a hi t 1 

infected fly, and gi\e use at then extuimtic- to a-exni 1 coiudia. niiicli ,ue b uj.1v 
dischaiged , they sunouud the fly with a while halo and -plead tin mf> » r.<*n -ti'l 
fuither. Sexual spoies aie not known to he toimtd by Eiopn^i , hut aie iuaud m 
other allied geueia Both oogonia and antiundia luue a -lmii.u -tincture md 
consist merelj of simple tubes which swell at the end- and bum le-tmg— jtoies i>\ 
conjugation. 


Sub-Class 2. Zygomycetes 

The Zygomycetes comprise a number of the most common Mould 
Fungi They are saprophytic, and are found chiefly on decaying 
vegetable and animal substances. The mycelium is unicellular m this 
group also, and consists of profusely-branched filaments. Swarm-spores 
are never produced, asexual reproduction being effected by non-motile 
walled spores, which either have the form of conidia or arise endogen- 
ously in sporangia. Sexual reproduction consists in the formation of 
zygospores, as a result of the conjugation of two isomorphoua gametes, 
as in the Conjugafae among the Algae. 

The best know n and most w idely distributed species 1- Jltiuji Jftwcdo, fiequeiitlj 
found ioimmg white fur-like giowths of mould on damp luead, pie-eived fiuit-, 



Fio 209 — Mucw Mucedo A unicellular lmcelium with thiee spoiangiophoies, a, b, c, m different 
stages of de\ elopment (Slightly magnified, aftei Kni’s, wall diagiam ) 

dung, etc. The tinely-bianclied mycelium ramifying m the substratum produces 
a number of erect unbianched sporangiophoies (Fig. 269). From the apex of each 
sporangioplioie a single spherical sporangium is cut off by a transveise wall, 
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which piotiudes into the cavity of the sporangium and forms a columella (Fig 
270, 1, c). The contents of the spoiangium separate into numerous oval spores 
embedded m a mas^ of gelatinous matter capable of gieat expansion. The wall of 
the sporangium is easily ruptiued, and the spores are discliaiged by the swelling 
of the interstitial mass, leaving the columella entnely exposed (Fig 270, 1, 5, 2) 
Under cutdin conditions, instead of asexual sporangia, oigans of sexual repio- 
duction are produced The hyphse of the mycelium then give rise to lateral, club- 
shaped game toj»h ores When the tips of two gametophoies come into contact, a 
conjugating cell oi gamete is cut off from each by a transverse wall (Fig 271, 1, 2, 3). 
The two celK thereupon coalesce, and fu^e mto a zygospore, the outei wall of 
which is covered with warty protubeiances (4) After a period of rest the zygospore 


V 



Fig 270 — 1-4, llt'eor Mucedo. 1, A sporangium in optical longitudinal section, c, columella; vi, 
wall of sporangium , *p, spores , 2, a ruptured sporangium witli only the columella (c) and a small 
portion of the wall (w) remaining, 3, two smaller sporangia, with only a few spoies and no 
columella, 4, germinating spore, 5, ruptured sporangium of Mucor viuctloqmevs with deli- 
quescing wall (m) and swollen interstitial substance (s) , sp, spoies (After Brefeld, 1x225, 
2-j x 300 ) 

develops a geim-tube, which may at once hear a sporangium (5) The conjugating 
hyphse take their use m exactly the same way as sporangiophores, of whieTi they 
may accordingly be regarded as sexually differentiated ludiments 

Within the group of the Zygomycetes also, a reduction of sexuality is peiceptible. 
Thus, m the ease of certain Muconneac , although the conjugating hyphse meet m 
pairs, no fusion takes place, and their teimmal cells become converted directly 
into spores, which are termed azygospores. In other forms again, hyphse 
producing azygospores are developed, but remain solitary, and do not, as m the 
preceding case, come into contact with similar hyphae. 

Both the size and number of spores produced in the sporangia of Mucor 
Mucedo are subject to variation ( cf Fig 270, 1, 3). The sporangia of the genera 
Thammdium are, on the other hand, regularly dimorphous, and a large sporangium 
containing many spores is formed at the end of the mam axis of the sporangiophore, 
while numerous small sporangia, having but few spores, are produced by its 
verticillately branching lateral axes. The sporangia may at times develop only- 
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a single fapoie, as tlie leMilt of ctrtain conditions of food*&upply and iv wa;, 
assume the character of comdia Thi^ i- even rnoie t N * >, 


txopical genus Choc* nc yluu a 3 found on 
the flowers of Hibiscus In this cum* 
m addition to large sporangia, comdia 
are pioduced on special eomdiophore^ 
There aie, finally, Zygomycetes [e.y 
Chaetocladiiini) whose only asexual 
spores are comdia. In this one group 
of the HyphutuyecteSs therefore, all 
tiansitional forms, from many-spored 
sporangia to umcellulai comdia, are 
lepresented 

The genus Pilobolus frequently 
found on dung, possesses a special 
contrivance foi the dissemination of 
its spores, which are foxmed, like tlio-se 
of Mucor, m laige terminal sporangia 
The stalk of the sporangiophore, imme- 
diately below the sporangium, becomes 
swollen and pear-shaped: in conse- 
quence of the increased turgor result- 
ing from the absorption of water, the 
columella finally buists, and the liquid 
which is thus set fiee teais loose the 
upoxangium and discharges it, with 
great force, to a consideiable distance 
The sporangioplioies of Pilobolus , and 
also those of other JIucoj tneac : are dis- 
tinctly positively heliotropic (p. 252). 
For physiological experiments Phyco- 
myces miens is also largely used. Its 
sporangiophoies are constructed simi- 
larly to those of Mucor Jluccdo, but attain 
a very much greater length (10-30 cm.). 

Sub-Class 3, Hemiasei 



Fig -71 — Macot Mvctthi Diiieieut stages in 
tlie formation and germination of the zygo- 
spore 1, Two conjugating branches m con- 
tact , 2, septation of tlie conjugating cells (tr) 
from the suspeiiaors (6) ; 3, more adtanced stage 
in the de\elopinent of the conjugating cells (a) ; 

4, ripe zygospore (b) betw een tlie suspensors (a) , 

5, germinating zygospore with a germ -tube 
bearing a sporangium (Aftex Bpefelu, 1-4 > 
225, o x circa 00 ) 


This group includes only a few small Fungi with a septate mycelium, 
which, as in all the higher Fungi, develops no sexual organs. Asexual 
reproduction is effected by means of ascus-like sporangia, which, although 
they show a certain resemblance to the asci of the Ascomycetes , do not 
produce a fixed number of spores of definite form and size. 

Protomyces pacliydernius, parasitic upon Gichoraceae, maybe cited as a typical 
Fungus of this class. In addition to sporangia it produces aecessoiy fructifications 
m the form of comdia and chlamydospores (p 343) The last named are formed 
from the mycelium ramifying in the tissue of the host-plant, by the sphencal 
enlargement of chains of hyphal cells 'whose walls become thickened (Fig. 272, 
1). The germ -tubes arising from the germinating chlamydospores become 
converted directly into saccate sporangia (2, 3) by the division of their proto- 
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pla-.ni into minimi on*, small spoies, which 



filament (ui) with chlainjUospoies (<?)» 2, 3, ger- 
minating clilamjdospons bearing sporangia, 
4, tlie evtmded spores , 5, spoies (n) germinated 
m a nutiient solution and abstricting \east- 
hke c onidia {'") foj budding (After Bpeffld, 
1 y 120, 2, 3 ' 200, 4, 5 X 320 ) 

what liighei Fungus-ibiiu they have been c 


le eventually diseliaiged (4) Brought 
into a nutrient solution, the spoies ger- 
minate directly and pioduce, w ithout 
pre\iously forming a mycelium, oval 
comdia which by a continuous pio- 
cess of budding give rise to new con- 
ldia (5) Such a method of multi- 
plication of comdia by budding is 
teimed yeast budding, and the 
comdia are termed yeast conidia. 
The veast-like conidia thus aiismg by 
the budding of the comdia of Pioto- 
uiytes continue this mode of lepro- 
duction until brought m contact with 
the host-plant, when they give use to 
a mycelium penetiating its tissue 

Many of the highei Fungi, m addi- 
tion to their regular, asexual fructi- 
fications, produce similar yeast -like 
comdia when the conditions for then 
nutution aie favourable. Such yeast- 
like conidia are in fact often found m 
nature freely glowing m any sugaiy 
medium. As regards many of them 
it is impossible to say definitely from 
n ived 


Such yeast comdia are represented by the beer, alcohol, and wine 
3’ east, and are included in the genus Sacchai omi/ces. These Fungi are espe- 
cially remarkable on account of their power of exciting alcoholic fer- 
mentation m saccharine solutions S. ceieiisicie is the beer yeast used 
in brewing, and is known only in its cultivated form S. ellipsoideus, 
which causes the fermentation of grape-juice m the manufacture of 
wine, occurs regularly, on the other hand, in the soil of vineyards ; 
it is therefore always present on the grapes and need not be added 
to the grape-juice S. mycodeima forms a whitish-gray scum (flew de 
via) on the surface of wine and beer, which causes their decomposi- 
tion. c 


The comdia of the Yeast Fungi aie oval in. shape and contain a nucleus 
They mciease m number by a continuous process of budding (Fig 2, p. 11) When 
the substratum has become exhausted by repeated budding, the yeast cells aie 
converted into sporangia which, while externally leseniblmg comdia, give rise 
to a numbei of spores. As the size and number of these spores are not always the 
same, the Sacehaioiiujcctes are classified with the Hemmsci 

Accoidmg to the recent investigations of Jorgensen, the yeast cells causing the 
fei mentation of grape-juice are produced by the branched filaments of Mould Fungi 
which vegetate on the suiface of the grapes and form numerous conidia ( DemaHum 
and Chalaia stages) 
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The Ascomycetes form a very large class of Fungi, chiefly parasitic, 
and with a septate mycelium Probably without any sexual mode of 
reproduction, they produce spores asexually ^ 

m special sporangia which have the form f \ C r ^ '"N ^ 

of as#i or tubular spore-cases (Fig 273;, j f .Vb-'.&il , 
and give rise to a definite number of endo- j x ^jdiw; ! \ 
genous spores (usually eight m a row) 1 ~ ~P 

Many Ascomycetes are decidedly poly- , * i '""'.'{L ' l 

morphous, and the same Fungus in the Vb -j A 

course of its development frequently forms j . "> H 

both comdia and chlamydospores as acces- ' H r\ J) j -> 

sory fructifications. In many cases only / ; U ^ 

the accessory fructifications represented jS 0 : ' /> 

by the comdia or chlamydospores are / ' f V A 

known, and not the corresponding ascus ( f - 1 . JA > 
fruit. Such Fungi are in the meantime \ // 

classified in systematic works as “Fungi fj, 1 

imperfeeti.” Concerning the physiological c~0 ^ ^ ^ 
cause of the polymorphism of the A sco- ^ - 

mycetes , and of the successive production ^ ^ ~ s 

of asci, conidia, and chlamydospores, in 

the different stages of their development, fig its — poitn.ii of the lijmewum 

but little as yet has been determined. of i 

* j * , paraplijb^ , &>ubh> menial 

In the simplest forms of Ascomycetes ti^u* (x 240 ) 
the j Exoasei, the asci are free and spring 

directly from the mycelium , but in the case of the Carpoasa , which 
constitute the great majority of the Ascomycetes, the asci are produced 
m special fructifications of varying form which consist of sterile and 
fertile or ascogenous hyphse. According to the structure of their 
fructifications, the Carpoasci are divided into three orders 

1 % Penspot iaceae — The fertile ascogenous hyphse are enclosed by 
a compact envelope of interwoven, sterile filaments. The ascospores 
become free only on the disintegration or rupture of this envelope, 
the PERITHECIUM (Fig 275). 

2. Pyieaomycetes. — The sterile filaments from a flask-shaped peri- 
thecium, within which is produced the hymenium, a basal layer of 
erect asci and paraphyses. The spores are discharged at maturity, 
through an opening at the apex of the penthecium (Fig. 278) 

3 Discomycetes. — The sterile filaments form at maturity an open, 
cup-shaped receptacle or apothecium with the hymenium on its 
upper, concave surface (Fig 228), or the hymenium is borne on the 
outer surface of fleshy, somewhat mushroom-shaped fructifications 
(Fig. 283). 


iiitimmn 
Am i , 
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Order 1. Exoasci 

Ot this older, which constitutes the simplest gioup of Ascomycctes, m which no 
specially distinctive fructifications aie formed, the most important genus is Exo- 
aii-Hs. The various species of Exoaseus are parasitic on different trees, and as their 

mvcelia hibernate m the tissue of the host- 
r ‘t t/g a-i plants, they cause a constant recurrence of the 

~ £r, ‘ h ame disease The presence of the mycelium 
in the tissues of the infected part caulfes the 
abnormally profuse development of branches 
known as Witches’-brooms. Exoaseus Cary mi 
produces the abnormal growths oceumng on 
the Hornbeam ; Exoaseus epiyhyllus, those of 
Alans mcana Exoaseus deformans attacks the 
leaves of the Peach and causes them to curl. 
Exoaseus Prum is parasitic in the young ovaries 
of many species of Primus, and produces the 
malformation of the fruit known as “Bladder 
Plums,” containing a cavity, the so-called 
“pocket,” m the place of the stone In the 
formation of asci, individual cells of the copi- 
ously-branched mycelium ramifying between the 
Fig 274 — Etuo^m, Pi uni Transverse epidermis and cuticle of the infected part be- 
section through the epidermis of an come greatlv swollen These grow into elub- 

with eight spores, « 4 vith jeasb sha P ed tubeS ’ whlch burst through the cuticle 
like comdia abstucted from the and, after cutting off a basal stalk-cell, are 
spores , s t, stalk-cells df the asci , usually converted into asci with eight spores 
“» tlUmeilts of the nijcelium cut (F ig. 2 74) The numeious asci are closely 

ium a erS (Afters Idebeck, ’ x^’ooT crowded together, and united into a hymemal 

layei . In consequence of then increased turgor, 
resulting horn an excessive absoiption of water, the ascus-tubes become ruptured 
at their free extremities and eject the spores 

The spores frequently germinate while still enclosed within the asci (Fig. 274, 
« 4 ), and give rise by budding to yeast-like comdia, e ij Exoaseus Prum 
The related genus Tciyhrma is parasitic on leaves, but its mycelium is not 
perennial Leaves infected with this Fungus assume a spotted, diseased appearance. 



Order 2. Perisporiaceae 

This order, which includes only Aseomycetes with enclosed fi notifications, com- 
prises three families the Erysiyhecie or Mildew 7 Fungi, the Pensjponeae, and the 
Tubcraceae, Truffle Fungi. 

1. The Enjsiyliecte foim a family of distinctive epiphytic parasites whose 
mycelium, somewhat resembling a cobweb, and ramifying m all directions over the 
surface, paiticularly the leaves, of higher plants, sends out haustona which pene- 
trate the epidermis of the host. The ripe ascus fructifications (Penthecia) are 
black wlieu mature and visible to the naked eye. In the simplest forms (e g. in 
the genus Syhacrotheca) the spheioid penthecium encloses only a single ascus 
with eight spores. The ascus arises directly from the end of a fertile, ascogenous 
hyphal branch after the septation of a stalk -cell. It is enveloped by a covering of 
sterile hyphee produced by the mycelium at its base and forming a sheathing 
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layer, two to thief* cells deep, ot' p-t ado-pai eiiLhjmu. T, < g hi*- E* ts J.* the 
otliei hand, develops m each peiitheemm s# T eial a-et wlir-l. an-*- in branch* - !ro T -*: 



Fig 275 — Einotiitui hetlxu toi iiui (= L A^nt* 
gillub glavtu<) A, Rudiment of the astus- 
fruit , /, coiled, fertile hypha , s t, sterile 
hjph,? a, young fruit, p, wall of peri- 
thecium formed of sterile hj phsc C, a liall- 
npe fiuit with upe asci («t) and a nurabei 
ot unupe asci («i) D, cumdiophore boine on 
the mycelium , c , comdza (After Kxv ) 

2. The Pensponcae are closely related 
to the Erysipfteac , but are sapiophytic 
and live on decomposing organic matter 
To this order belong two of the most 
common Mould Fungi, Eiitotium her- 


the a-cogen<»3s liypLe. Tut ptutliec.a 
are megmaily rnptiued at then a rires 
and the ^poie* ait thu* set free. Be ft ire 
entejmg upon the tarnation of pent Let ^a, 
the Mild* \v Fungi multiply by means oi 
comdia aVtncted in chains liom special, 
elect Lyplun horn the tip downward- 
The Mildew Fungu- of the Giape-vme, 
Et tStpith Twit it exhibits only such con- 
idiai fructifications ; its a-eus-iunt has 
not as yet b* eii found in Em ope. In its 
comdial form, known as 0*Jtutxt Tttrkert, 
it is a highly dr— tructiv e parasite , to stop 
its ravages it is < u*tomary to dust the 
\ines with sdlplmi and topper sulphate or 
to spi inkle them with Boideanx mix tuie 
v a solution ot lime and copper sulphate''. 



Fig 27o — Pcnttlutmt a /t^nct n»n Comriiophure 
with \erticillate branches (&', s"), ^ steng- 
mata abstuctmg chains ot comdia (From an 
alcohol-ha inato\jlin specimen, 540 ) 


banorum and PetiieiUtmn ylaucum 
Both at first multiply extensively by means of comdia befoie they begin to loim 
pentheeia 

In the case of Eiuotmm herbal wrutn, the comdia are abstneted in chains fnmi 
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a number of vtengmata arranged ladially on the spliencal, swollen ends of the 
eomdioplioi es (Fig. 275, D). The comdiophores aie closely crowded together, 
and constitute the white mould, afterwaxds turning to a blue-green. The Fungus 
is frequently found un damp vegetables, fruit, bread, etc 



Fig. 277 —ruuci uifuni 1, A fructification m vertical section (X5); a, the cortex, d, air- 
passages, t, dark ^vems of compact h^plub, h , ascogenous tissue- 2, a portion of the 
h>»nenium <Aftei Ttlusns, liom \ Twel, x 460) 

Pemcilhihti Crustacea ni also forms a very common blue-gieen mould, particu- 
laily on bread. The erect comdiophores constituting the mould are, m this case, 
verticillately branched and bear at the extremities of each branch flask-shaped 
cells, from which the chains of conidia are abstricted (Fig. 276). 

Spherical peritliecia of Eurottum and Pemcilhum are produced later on the 
mycelium, hut in the case of the latter genus they are only rarely found. They 
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are of a much nioie complicated -tiuituio than m the E* K >s »}****>■ Tncy 
first appeal as spnaFy-coik d textile I yph,e uhich -non become «nu>nd T y 
othei steule hypha 4 Tig 275 A. L i Entuely enclo-ed by a tia-ue of p-tadn- 
parencliyma, the aseogenous hypha give- i*-e hianeh# s tm netratiug the peiitiiee^al 
envelope and producing numcioiis asci containing eight -mall iound spores ,Cj 
In the ripe ascu- -fuut the A\alK ut the tuV^ become disorganised and also the 
investing pseudo-parenchyma, except the outermo-t layci, which, by suddenly 
bursting, releases the spores 

3 The Tubctaeeeic or Tmffle Fungi are saprophyte Amutiyxhs who-e mycelium 
is entirely subterranean, ramifying m humus soil paitxeularly m woods under 
decaying leaves Tliey belong to the Fungi which give Tise to the formations 
knoA\n as Mycorrlnza (y 210]. The asciis fiuctific atiun- fnuiliar under the name 
ot truffles are under giound tuberous bodies 'Tig 277, , con-isting of a thick, 
investing, cortical layer of pseudo-parenchyma euun-mg an inner mass of looser 
hyplial tissue The inter nal tissue is tiaveised by an -pa-sages rl , and pervaded 4 
by anastomosing Aems of moie compactly united liyplia* #■; m ton-cquenee of 
which it has a marbled or veined appearance in cio-s-scetion- 

The club-shaped asci aie disposed m nest-like gioiips tTig 277 2, throughout 
the interior of the tuberous fructifications, or they iurm a hymenial layer coating 
the walls of nanow, winding cliambeis The asci contain only a small number 
ot spoies , m the case ot the true truffles (genus Tain , they are usually only four 
m numbei, and geneially have a spinous or leticulatelv- thickened epispoie AY hen 
the fructifications are fully mature, the steule tissue m the mtei 102 and also the 
Avails of the asci disappear, leaving the ripe spores cm eloped only by the outei 
coi tical lay ei 

The fi notifications of many of the Tuber a< me are edible, and have an aromatic 
odoui and taste They aie, for the most pait, obtained fiom France and Italy, and 
from the neighbourhood of the Rhine. Ailieie they aie regularly collected on account 
of their commercial a alue as ai tides of food Of the edible Aaneties the most 
important are the so-called black truffles belonging to the genus Tuba , viz. 
Tuber brumal c , nielctnosporuin , ctesttvurii , mcscutcncuui The fructifications of 
these species haA^e a Avarty cortex of a black, reddish- broA\ n, or dark blown colour , 
the two first named frequently attain the size of a man's fist, and often weigh o\^ei 
t\so pounds. The Avhite truffle, ChvuoAiyees *tieandrifot )m$, aaIucIi is also edible 
and lesembles a potato m fonn and size, is light Lioaau externally, but in the 
intend is white A\ith yellowish veins. The fructifications of Tuber tufuai, wdnek 
are about as large as a walnut, and haA*e a leathery coitex enclosing aliaid internal 
substance, are not edible, noi are those of Elaphu/autes yrtniulaiits, the Stag- 
tiuffle, AVhose yelloAvisli -brown cortical layei is hard and Aioody or corky 


Order 3 Pyrenomycetes 

The Pyienomycetes eompiise an exceedingly leaned group of Fungi, some of 
which are parasitic upon diffeient portions of plants, particularly on the 
cortex and leaves, and others are saprophytic upon decaying wood, dung, etc., 
while a teA* genera occm as parasites upon the lanxe of insects The flask-shaped 
fructifications or perithecia aie eharaetenstic of this older The pentheeia are 
open at the top, and are eoveied inside, at the base, A\itli a hymenial layer of asci 
and ban -like paiaphyses (Fig 278). Tlie lateial walls aie coated with similar 
hyphal hairs, the paraphyses. The spores escai>e fiom the pentheeia through the 
aperture. In this process one ascus after anotliei elongates in consequence of the 
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atcr ab'OiLed and di-chaigt^ its spoie-a thiougli the opening, or the sj)ores aie set 
free within the peiitheeia, and aie ejected, embedded m a bw ollen mass of slime 

The simplest Pyretiouiycetes possess free 
peiitheeia growing singly on the lncon- 
V-vjp/ \ Y-- spieuoua mycelium, haMng the appeaiance 

of small black dots irregularly disposed over 
1 \ the suiface of the oigamc substratum. In 

F. b - \ y other cases the formation of the fructifica- 

€ £ f 4 tions is moie complicated, they arise m 

f «*' * \ groups embedded m a cushion - 01 club-shaped, 

/ \ sometimes branching, mass of compact 

Jr * \ mycelial hyphfe having a dense pseudo- 

01 7 ' trp \ parenchymatous structme. Such a fructifica- 

f tion is known as a stroma. 

[ In the life-history of most Pyrenoniycetes 

9 T ' the formation of penthecia is preceded by 

t {’’jPS A a \ ] the production of various accessory fructi- 

% ■''Hill b } I A ffl\ V ' J I flea tions, particularly of eomdia, which aie 
V ' v / 'vjl'w!/' <' " / abstucted in different ways, either directly 

- j from the liyplise or from special comdio- 

pliores, and are especially efficacious in dis- 
-if"* _ h semmating the Fungi The comdiophoi e.-> 

aie frequently united m a comdial stroma 111 
)l^ v x~ the foim of incrustations or wart- or club- 

' shaped mycelial masses ; they then consti- 

Ph. i7 v — Pentlier .uiuof Puihsuoici JiMibC(h> , , , , , . , 

m to-ufitodmal section s, A*i, «, tute dlstmct > conidial fructifications. A 
paraphs ses, r, penph\ses, m, my celial special form of such eomdia- fruits aie the 
lijplia (Aftei v. Twel, x 90 ) pyuxidia produced by many genera. They 

aie small spherical or flask-shaped bodies 
which m stiucture resemble the ascogenous peiitheeia, but, instead of asci, they 
give n-,e to blanched liyphal filaments fiom the apices of which eomdia, m this 
case termed pyl nospokes or pyono- 
t uMDIA, are abstriuted (Fig 279, 1, ^ 

2<. The different kinds of fructifiea- f| *' 

tions in the Pyi enuhtyeetes usually | * 1 ^ ~ ^ 

make then appeaiance m {succession. II f\ 

As representatives of the Pyretw- fV JJ \ I| 
niytdts with free peiitheeia may be \\. \\J jfy \ ' ■* 

cited the numeious species of the X ill jj K* i jp& , ‘ f 

genus Sphacrui, which appeal as jet |i(j| u? ¥: ^ 

black, sj)lie3ical bodies uxion diy stems |JJ '*y[/ ^l^w r ik \{' %§ 

and leaves An example of a species p 

forming a stroma is afforded by yedi 1 a i + 

eutnabanna * Thi'-. Fungus occurs on 

the dned branches of deciduous, trees Fl °, 270 - 1 ’ Comdiophore abstnetmg comdrn, 
, , ^ . _ ii om a pyemdmm of Cryptosvoi a Jnwodei ma. 

and pioduces small, nearly round or (After Bbefeld, x S00 ) 2, Pyemdmm of Sfm- 

"somewhat elongated stromata of a Lena obducens in \ertical section (After 

cinnamon- led coloui* At first the Tulasne, x 70 ) 
stromata gi\ e rise only to filamentous 

cozndiophores fiom which eomdia are abstricted, but they afterwards develop sunken 
I>enthecia. Xylaria hypoxylon, common on rotten tree-stumps, produces an erect. 




Fig 279 — 1, Comdiophore abstuctmg eomdia, 
fiom a pyemdmm of Cryptospoict hypodei nucu 
(After Beefeld, x 800 ) 2, Pycmdium of Stnc- 
lencc obducens in \ertical section (After 
Tulasne, x 70 ) 
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branched stroma which attains a height of ^overa] century ti**- On tl t ty - r/ tly 
branches the stioma gives ri-e only to eorndia. while enr^ddui in .ts central 
portion it beais numciotb penthecia. 



Fig 2S0 — Ctaviceps pin pin ea A, Mycelial hyplia with, conidia , B, ear of Rye with several npe 
sclerotia , C 9 a sclerotium with stromata , D , longitudinal section of a scleiotmm showing 
numerous penthecia; E, a single perithecinm, more highly magnified, F, ascus with eight 
filiform spores, G, a ruptuied aseus with escaping spores, IT, a single spore (-1 after 
Brefeld , C-H after Tulasne , B photographed from nature Officixai and poisoxovs ) 


Clavieeps purpurea f the Fungus of Ergot, is important on account of its officinal 
value. It is parasitic m the young ovaries of different members of the (xramnuac 9 
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particularly **f R\c The ovaries ai e infected m early summei by the ascospores , 
they become o\ eigrow n with the hyphal filaments, and m consequence aie deformed 
and reduced to soft furiow'ed bodies. The mycelium soon begins to form conidia, 
which are ab^tucted in small clusters, fiom short lateral comdiophores (Fig 280, A ). 
At the same tune copious exudation^ ot sweet fluid are extruded. This so-called 
HnNri-nuw ia eagerly sought by insects, and the comdia embedded m it~are thus 
earned to the ovaries of other plants The conidial form of this Fimgus was 
formerly legaidcd as a distinct genus under the name of Spliaeeha segetum Aftei 
the completion of this form of fructification, and the ahsoiption of the tissue of the 
ovarj by the mycelium, a sclerotium is eventually foimed in the place of the ovary 
hom the hyphae of the mycelium by then intimate union, especially m the 
peripheiy, into a compact mass of pseudo-pai enchyma (Figs 97, 98, p 87). In 
the ceil tie, the tissue of the seleiotium consists of moie loosely disposed hyplise, 
and ib of a lighten coloui. These elongated daik-Molet gCLEUOTiA, which project 
in the form of slightly curved bodies from the eais of corn, are known as Ergot, 
*$ 'scale OH'nutiiHi (Fig 2S0, B) The scleiotia, copiously supplied with reseive 
material (fat’, eventually fall to the ground, where they pass the winter, and 
germinate in the following spnng when the Rye is again m flowei They give rise 
to bundles of hyphte which pioduce long, stalked, rose-coloured globular heads (G). 
Ovei the suiface of the latter arc distributed numerous sunk penthecia (Z>, J57). 
These stalked heads, seveial of which aie foimed fiom the same selerotia, and 
elongate until they appear above the ground, are ascogenous fructifications, and are 
in leahty stromata with penthecia Each penthecium contains a number of asci 
with eight long, filifoim aseo^poies, which are ejected and carried by the wind to 
the flowei mg ears oi giain 

Coidgctjts, a genus closely lelated to C/tmcejis, is parasitic m the larva of insects 
and convex ts the whole body of the infected laiva into a sclerotium, from which is 
eventually produced a long, club-shaped stroma healing numeious penthecia. 
In this ease also, a formation of conidia takes place Botiyhs Bassictna causes 
u disease m silkworms known as Muscardmo. Of this Fungus only the conidial 
fructifications are known, which aie similarly constructed to those ot Claviceps, and 
grow all over the dead silkwozm as a snow -w hite mould 

Offh ixal — Seen le LQuiatvui (Phaim germ ) or Ergot is the seleiotium of 
Clarice ps ftmyut eo 


Order 4. Discomycetes 


Tlie IJi^coitujeeies aie 


distinguished 


from the other oideis by then open 
gymnocarpous apothecia, which bear the liymeniuin, 
consisting of asci and paraphyses, freely exposed on 
their uppei surface The difieient groups exhibit great 
diversity as regaids the manner of development of then 
fructifications. 

The great majority of the Discomycetes, of which the 
genus Pczizu , with some bundled species, may serve 
as a type, gi ow on living or dead vegetable substances, 
especially upon decaying wood, but sometimes also on 
humus soil They pioduce saucer-, howl-, funnel-, oi 
disc-shaped fi notifications of a fleshy or leatlieiy con- 
sistency, and usually of small dimensions One of the 
largest foims, Peuzct aamatutect (Fig 2S1), has seven centimetre-broad, lziegularly 
bowl-sliaped fi unifications, which are of a bright orange-red colour, while m most 



Fic, 2S1 — Ftziza pthanturcti 
(Aftei Kiiowbuolz, nut size ) 
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Fig 2S2 — -Litau &' t • hhrtitti** Ap^t’iecium rapture*] 
showing old and jou n tr a»c: he t wet u the paraplijse** 
(Aft el WoroviX, hoi > ^ fun ) 


The apotheeia 


ot tlie o tlier species they are gray oi brown 
not termed pentheeia but APuiHL«n In 
closed, but soon attei the iadi- 
ments ot the hymemum aiv 
developed the thin, outer en- 
velope rupitures and the fructi- 
fication becomes gymnocarpous 
(Fig 282 ) The hymemum 
situated on the inside of the 
cup. The hypotheemm, 01 that 
pait of the fructification im- 
mediately beneath the inner 
hymemal layei’, is composed 
ot closely interwoven stmle 
hyphse These steule hyplme 
give rise to the paraphyses, 
while the eight -spored asci 
growing m between tlie paia- 
physes are produced troin 
special ascogenous hyphse, 
which sooner or latex become 

diffeientiated as thick branching filaments, m the hypothecium. 
are gregarious, but each is distinct from the other, 

Sclerotia of varying form are produced by diileient species of Rclft »*ann In the 
case of Sclerotijna tubcrusa they have the appeal unee of black tuberous bodies and 
grow upon the dead, underground rhizomes of Anemone ntmorus*f> The sclerotia 
ol other species are formed like those of Ghnu'Pjts, m infected ovane* 

S laccanihi upon H icei/uiim ITnrttllmi In the 
sjiring the sclerotia germinate and give use to long- 
stalked apotheeia. 

The Phaeidiae€(u\ appealing on leaves 01 bark, 
form a special group of LHseonvjeetes lUtyfisma 
acer itium , common on the leaves of the Maple, 
belongs to this family. In tlie course of the summer 
it forms large black mciustations of pseudo-paren- 
chyma, from which at first only eomdial fructifica- 
tions anse. In the autumn the rudiments of the 
apotheeia are formed , they do not develop into 
mature apotheeia until the succeeding spring, when 
they make then appearance m the form of megulai 
fisbUies, with a yellowish hymemum upon the cius- 
taceous sclerotia, which have lemamed ovei wmtei 
upon tlie dead leaves. 

The highest development is exhibited by the 
peculiar fructifications of the Hel vcUaceae 01 Morel 
Fungi, whose mycelium, like that of the Truffle 
Fungi, vegetates undeigiound m the humus soil of 
woods, but produces soft wax-like aerial fructifica- 
tions In the genus Harebell a, Moiel (Fig 2 S 3 ), the 

fructifications consist of a thick erect stalk, beanng a club-shaped or more or less 
spherical cap or pileus, which bears the hymemum, with its eight-spoied asu, on 



Fig 2S3 — Morehelht estule ati* 
Q nat size ) 
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the ivticulatelv mdmtul extmoi suifatv (Fig 273, p 351) The Moichellas aie 
tdihlf, and ha\ e an agH'tahle ta-te and smell, in particular J I. csculenta and M 
ernueu. ffehellft csntJriitn, w Inch is also edible, has a whitish stalk and a dark- 
k.ffln pileiis , hut Ht'Uclht sit sputa, with a reddish -brown pileus and a dirty 
flesh-coloured stalk, has a nauseous sweetish taste, and is legarded with suspicion 
Veepi nit'*, which has a long-stalked, bell-shaped pileus, is also edible. 

In their external appeaiance the ft notifications of these highly-developed Disco- 
unjt'eh* gieatly resemble those of the Bcisulioniytief.es. 

In the Hch clloeeae the production of conidia as an accessory form of fructification 
is not known to occur, but in the other Diseomycctea the foimation of conidia fre- 
quently takes place m the same manner as in the Pyi enoinycctcs. 


Sub-Class 5. Hemibasidii 

Just as the Hemuisa occupy an intermediate position between the 
sporangiferous Zygomycetes and the Ascomycetes, the Hemibasidii connect 
the conidia-bearing Zygomycetes and the Basidiomycetes. Their comdio- 
phores bear a close resemblance to the basidia of the Basidiomycetes, 
but differ from the latter in producing spores less definite in form 
and number. Both the Hemihcmdii and the succeeding sub-class, Bcisi- 
diomyeetts, are highly organised Fungi with septate mycelia. They 
are devoid of any sexual mode of reproduction ; the asexual formation 
of spores is never effected m sporangia or asci. 

The Hemibasidii comprise but one order, the Bi and Fungi. They 
are parasites, and their mycelium is found ramifying m higher plants, 
usually in definite organs, either in the leaves and stems, or in 
the fruit or stamens. The Gnumueae in particular serve as host- 
plants for the Brand Fungi, certain species of which are in a high 
degree injurious to cereals, and produce in the inflorescences of Oats, 
Barley, "Wheat, Millet, and Maize the disease known as smut. 

At the end of its period of vegetation the mycelium of the 
Brand Fungi produces m or upon the host-plant the so-called brand 
spores by the formation of additional transverse walls, and by the 
division of its profusely branched hyphse into short swollen cells 
(Fig. 284, A) The cells become rounded off and converted into 
spores, while their cell -walls undergo a mucilaginous modification 
The spores thus surrounded by gelatinous envelopes, which, how- 
ever, eventually disappear, then become invested with a new, thick, 
double wall, consisting of a thin colourless endosporium and a 
thick dark - coloured exosporium. In this way the mycelium is 
transformed into a dark-bro-svn or black mass of spores. As 
regards the manner of their formation, the brand spores may be 
regarded as chlamydospores, similar to those formed in the case of the 
Hemiasci by Protomyces (Fig 272, p. 350), and occurring also in 
certain of the Zygomycetes and in many of the higher Fungi. In the 
formation of chlamydospores by the septation of the hyphge, an 
essentially different mode of spore -formation is exhibited than that 
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employed in producing eomdia, which are abstricted by a process of 
budding from the extremities of byphal branches. In the 

chlamydospores form an ascus-Iike sporangium on germination . m the 
Smut Fungi, on the other hand, thej' give rise to a basidmm-like conidio- 
phore. The brand spores are resting spores, they are scattered by 
the wind, and germinate only after an interval of rest, producing 
comdiophores in the succeeding spring, the formation of which is 
characteristically different in the two families of the Brand Fungi, the 
Ustilagmuccae and the TiUetiareae. 


Of the Ushlntjautcccte , the moist important gt nus i*, Ustilnyt. 
Carbu) causes the mildew and blasting of the mflorpsef nee 
Wheat. The mycelium pene- 
trates the ovary enclosed by 
the palese, and forms dark- 
brown dust - like masses of 
escaping brand spores in the 
place of the seeds U. J laydis 

produces on the stalks, leaves 
and inflorescences ol the Maize 
tumour - like swellings filled 
with brand spores in the form 
of a black powder. Other 
species live on the leaves of 
different grasses ; v hile U. 

■tiolacea (= U anther ciruux ) 
occurs in. the anthers of vari- 
ous Carophyllaceac ( e g 
Lychnis), and fills the pollen- 
sacs with brand spores. 

The brand spores of Usti- 


V s> yet u„i (~V 
of Oat«, Barley, 



lago fall to the ground, and 


Fig 2S4 — A, U&tihnja oZnacic* Mjcelial hyplia in piocess ut 
forming brand, spores ( «. 400) U-D, t's tdaqa seqetnui Ji, 
germinating brand spore , <1, enitnated in nutrient solu- 
tion. ( x 450) , t, transversely septate comdiophores with 
lateral and terminal eomdu(r) C, germinating brand spore 
lying m the nutrient solution surrounded by abstricted 
eomdia, which are multiplying by budding (x200) D, an 
aggregation of budding eomdia (x35Q) (After Brefeld, 
from v T ivel ) 


after a period of rest give rise, 
on germinating, to a short tube 
which becomes septated by 
three or four transverse walls (Fig. 284, £), and functioning as a comdiophore, pio- 
duces egg-shaped eomdia, both laterally from the upper ends of the intermediate 
cells, and also from the tips of the terminal cell. When abundantly supplied 
with nourishment, and also on cultivation m a nutrient solution, eomdia are con- 
tinuously abstricted in large numbers (Fig 284, G), and then multiply further by 
budding in the mannei of yeast cells (C, D). After the food-supply of the sub- 
stratum is exhausted, the eomdia glow out into mycelial liyphse. The germina- 
tion of the eomdia in the damp manured soil of the grain fields is accomplished 
during a saprophytic mode of existence, hut the hyphal filaments wduch are 
eventually produced become parasitic, and penetrate the young seedlings as far 
as the vegetative cone, where the inflorescence takes its origin. Then the 
mycelium continues its development, and ultimately terminates its existence by 
the pioduction of brand spoies. No eomdia are formed on the host-plant itself. 

The life-history of the Tilletiacccic is similar to that of the Ustilaymaceae. The 
best known species are Tillctia Tritici { — T. Cm tes ) and Tillctia laevis, the Fungi 
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of the stink-brand of wht*at The brand spores ot these species are also produced 
m the oranes, from which, liowevti, they do not escape, hut lemam enclosed within 
them, tilling the appaientlv healthy giains with black brand spores, smelling like 
decayed fish. In the fii.vt -named species the brand spoies aie provided with a 
retieulat* lv tlm.ken< d epispor.- , those of T. lams, on the other hand, are smootli- 

w ailed Unlike the Ustilarjm- 

, acecte, the geim-tube gives rise 

♦ \ ’ ij y* only at its apex to filiform con- 

\ '1 , > , / /(*%. idia, which are disposed m a 

\ ' / j j \ whorl, and consist of four to 

\ 1 1 1 J Vi twelve spores (Fig 285, 1). 

>' \M / — ° ({'d\ 1 The eomdia also exhibit the 

\ ''l/ xJua- peeuhaiity that they coalesce 

"j|j ( j — ***/ / with one another in pans in an 

f~ f H-forrn In this piocess two 

i f it « Ij Vi , eomdia come into open com- 

v l j\ munication by means of a 

.<3^ V'i i/' bridge-like connection extend- 

// \X mg ^ rom cuddle of the two 

* y ^ ^ cells, a form ot coalescence 

/ , winch frequently takes place 

/ m \\ between the mycelial hyphse 

S ;\ \ of the higher Fungi The fill- 

s \ form eomdia germinate readily, 

\ and produce sickle-shaped con- 
% tj * idia at the apex of the germ- 

U g tubes When abundantly sup- 

Fiu 2S j — T‘[bfu* Intic 1, Genmnat in*-? l*i and sj>oie, with phed with food material, the 
unspptatf* touuliophoie (t) and apical iihiotm eomdia (c) germ - tubes grow r into large 
(\ 100) , 2 , a I'crminatm., filiform conidium bearing a rnycelia, from which such 
sickle-shaped eouidmm (^40u) } % portion of mycelium Slck i e . sliape d eomdia are so 

from \ TvrrL) abundantly abstneted that 

they have the appearance of a 
growth of mould. Thins Tilletui , unlike Ushlatju , produces eomdia of two forms ; 
but m other paiticulais the development of both groups is the same 

To the Tilletiaccue belongs also Uroeystis occulta , Eye -stem blight, whose 
brand spores are formed m Eye haulms. 

The tians\er&ely septate comdiophoies of the Ustilagmaccae , and tmsep- 
tate comdiophores of the Tillctiaccae , produce an indefinite numbei of eomdia. 
In the group of the Basal tomyceUs, although both types of comdiophores occur, 
the number of spoies produced is definite, and the comdiophores are then termed 
basidia 

The formation of eomdia m the Hemibttsidn zepresents an ongmal form of 
asexual spore-formation, while the development of biand spores is to be regarded as 
an interpolated, more leeently acquired mode of spoi e-pi oduetion 


Sub-Class 6. Basidiomyeetes 

Like the Ascomycetes the Basidiomyeetes form an extremely variable 
group of Hyphomyeetes, -with septated mycelium and devoid of 
sexual reproduction. They are specially characterised by the forma- 
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of the stmk -brand of -wheat The brand sports of these species are also pioduced 
m the ovaries, from which, liowevti, they do not escape, but lemam enclosed within 
them, tilling the apparently healthy giams with black brand spores, smelling like 
decayed fish. In the fiist-named species the brand spoies aie provided with a 


,jy 
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reticulata ly thicken* rl epispore , those of T. lacits , on the other hand, are smooth- 

w ailed Unlike the Ushlarjiu- 
„ acecte , the geim-tube gives rise 

* \ ! ' *1 ‘ (j Y only at its apex to filiform con- 

\ \ ( f . / idia, which are disposed m a 

\ ' / J / \ whorl, and consist of four to 

\ : 1 i , ^ \ twelve spores (Fig 285, 1). 

/ \; S j j—c Xihi I The conxdia also exhibit the 

pecuhaiity that they coalesce 
^ ith one another in pans m an 
f H-form In this piocess two 

/ / - \ t m 7 \\ * conidia come into open com- 

l l \\Xfl munication by means of a 

//* ' bridge-like connection extend- 

/7 mg from the middle of the two 

^ * cells, a form ot coalescence 

* 7 which frequently takes place 

/ M X\ between the mycelial hyphse 

4 \ \ °*' ^ ie higher Fungi The fili- 

J \ f° rm conic ha germinate readily, 

i/^ \ and produce sickle-shaped con- 

%, ij v ldia at the apex of the germ- 

U s tubes When abundantly sup- 

Fiu 2S j — T‘!htu* lutic 1, Geiiimi&tiiitfbi and spoie, with P^ed with food material, the 
unseptite couiiliophoie (t) and apical hlilm m couulia (c) germ - tubes grovr into large 
(\ J00) , 2, a ^niiinalixi^ filiform conulium homing a mycelia, from which such 
sickle-shaped conidmm (^40u), % port ion of mycelium MC y e - shaped conidia are so 
with sickle - shaped cumdia (x OjU) (Aftei Breirld, . , ^ ^ ^ 

fiom\ TvrrL) abundantly ahstneted that 

they have the appearance of a 
growth of mould. Thu&. Tillettct , unlike Ustilayu , produces conidia of tw’o forms ; 
but m other paitieulais the development of both groups is the same 

To the Tilletiaccae belongs also Urocystis occulta , Eye -stem blight, whose 
brand spoies are formed m Eye haulms. 

The tians\ersely septate eonidiophoies of the Ustilagmaccae , and tl^e tmsep- 
tate comdiophores of the TtllcUaccae , jiroduce an indefinite numbei of conidia. 
In the group of the BasuhomyeeUs , although both types of comdiophores occur, 
the number of spoies produced is definite, and the comdiophores are then termed 
basidia 

The foimation of conidia m the Hemibastdti xepresents an ongmal form of 
asexual spore-formation, while the development of biand spores is to be regarded as 
an zntei pola ted, more leeeiitlj- acquned mode of spoie-pioduetion 


Flu 2 Sj — TdhtiO It (Uc> 1 , Geinmiat 11114 Li and spoie, with 
unseptite couiiliophoie (f)and apical lililonn couulia (c) 
(\ J00) , 2 , a ^cniiinalni-, filiform conulium hoaxing a 
sickle-shaped coiudmm (^ 400 ), % portion of mycelium 
with sickle - shaped cuuulia (x OjU) (Aftei Breirld, 
fioxn \ TvrrL ) 


growth of mould. 


Sub-Class 6. Basidiomycetes 

Like the Ascomycetes the Basidiomycetes form an extremely variable 
group of Hyphomycetes, with septated mycelium and devoid of 
sexual reproduction. They are specially characterised by the forma- 
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Fic. — Bas* 1 a u* IT Ft •/ »wi sifi*'* m/<* 

(*4), f/f jit 7 ta (U; a.bi 7 m i* 7 n ? r t f uni un?)' 

(V), belittling i aspect it **3y tu the unl^is 
r/p/Be7iv>rff, au<l ITtj A? hi'i) 'i*i u (.1 after Ti n»N*r , 
IJ 9 C after BrEtriD, frcp* \ Tutl, l P, IjO , C 
3j0 ) 


tion of basidia or comdiophores of definite shape and size, and bear- 
ing a fixed number of spores, usually four (in exceptional eases two. 
six, or eight) The basidia appear m two chief forms (If a= peoio- 
basidia, the comdiophores 

of vhich are multicellular, ^ ^ 

having either the upper por- V t j 

tion divided by transverse 1 0 ' j O'^^'vrv*, 

septa (Fig. 286, A) into four ^ \ 1 J 1 W 

cells, each of which gives \ *} \ / 1 5 } i* 

rise to a spore from a later- v \ 3 \ j I j 1 I 

ally inserted sterigma, or the Vf / i f . "j i j 

basidia are divided longi- VJ. \ f { j I 1 J 

tudinally into four cells (Fig V J 

286, A) by walls intersecting ' J M \ f 

at right angles , each cell * — . / 1 > 7 i ' \ 

terminates in a long tubular (T V^y \ \ 

sterigma ; (2) as AUTO- V ^ 

basidia, with unseptated ^ 

comdiophores (Fig 286, G), Flu . 5 “1 '? 12 ' l % 7? '". ", s,h "‘ 'T 

wmch glYG rise at tiieir ft 1 ), belittling iPspoctit**3y tu the £*JM7/ lt frfr 

apices to four slender sterig- Ttt>meUi<nne, mil (-1 after Ti t\sN*r , 

mata, each bearing a spore. AC.*t« Br»«* !*.. ' t«pl. 1 is uo . c 

The transversely divided 

protobasidia have their prototype in the comdiophores of the U'Uh < - 
ginaceae , the autobasidia in those of the Tillefiami t. 

In addition to comdiophores differentiated as basidia, the Boddto- 
mycetes produce other forms of conidia as accessory fructifications, also 
chlamydospores. They thus possess a polymorphism 111 the forma- 
tion of asexual spores in place of a sexual reproduction, which is 
absent. 

According to the form of their basidia, the Basvhumycetets are 
classified into two groups, with the following European orders 

A. Piotubusidioioyeefes 

Order 1 Uiedineae, basidia transversely septate: gymnocarpous. 

„ 2. Auricular teae, ,, „ ,, „ 

„ 3. Pilaaeae, „ „ „ angiocarpous. 

„ 4 Tremelltneae, basidia longitudinally septate ; gymno- 

carpous. 

B. A u tola si d i on lyce tes 

„ 5. Symenomycefes, basidia unseptate ; gymnocarpous or 

hemiangiocarpous. 

„ 6. Gastet omycetes , basidia unseptate ; angiocarpous. 

Of these orders, the Uiedineae, Hymeuomyeetcs, and Gadei umycetes 
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are the most important, and have the greatest number of species, while 
the second, third, and fourth orders include only a few forms. 

Order 1. TJredineae (Bust Fungi) 

The Fungi of tin*, older are all injurious paiasites Their mycelium lives m 
the intercellular spacer m the tissues of the higher plants, particularly m the 
leaves, which then acquire a spotted, lusty appearance. The Rust Fungi are 
closely allied to the Brand Fungi Like them, they pioduce chlamydospores 
which break through the tissue of the host and form the rust spots characteristic 
of these Fungi The germ-tube resulting from the germination of a chlamydospore 
gives rise directly to a transversely septate hasidium (Fig 286, A), from which 
four stengmata, each with a spore, are successively developed Formerly it w T as 
customary to designate the transversely divided basidium a promycelium, and the 
basidios pores sporidia The piocess of chlamydospore- formation, as exhibited by 
tne Ui'cdinene , undergoes extensile and complicated modifications ; veiy frequently 


JP 



Fin — Pu<eutti* fusut on Anemone nemo tout Section through an fccidium , h, tissue of inter- 

woven, sterile Iiyplue , s, chains of spores , 2h peridium (After v Tavel, x 150 ) 

three distinct foims of chlamydospoies are produced by the same Fungus, at the 
&ame time or m succession 

1 The teleutospoiies (winter spores) which, as typical chlamydospore^, piob- 
ably con&titute the onginal form of spoies peculiar to all the species, are invested 
with a thick wall. They are formed at the ends of numerous, closely-clustered 
mycelial liyphse which rupture the epidermis m small, usually more or less round 
spots. They are frequently joined together m rows of two or more (Fig 288, 1, 5, t), 
and ai e produced m late summer, toward the close of the vegetative period. They 
function generally as resting spores, and after hibernating, germinate m the spring 
and develop at once basidia, bearing foui spores. 

2. The uiiEDOSPOiiES (summer spores) arise in the same or similar positions to 
the teleutospores, but precede them m development They germinate immediately 
after their dissemination, producing a vegetative mycelium, and provide for the 
multiplication of the Fungus during the summer. They are unicellular and 
enveloped only with a thm wall (Fig 288, 5 and 6). 

3. The JsciDiusporvEs, which are produced, prior to eithei of the other two 
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forms, m special fiuctiLcation> or & r i*iA, gammatH tic 

directly after they ha\e been -et bee. Tkr a-cjLa Tig 2S7 aie -mal at ***st 
closed, but aftei wards open and cup-shaped bodit- ; tLe\ r^ptaie the tpidi;^*- 
ot the host-plant, and contain a nym* mum of clos^y -crowded mycelial luancnt^ 
from which chains of round 01 polyhedral spoic- are piudueed by a pioct — ot ^e\ M- 



Fig 2sS — Piutniio guiuimi'* 1, Traus\er>« &ection thiougli a giasvha\lm with u:r«*up of tele it o- 
spoies, 2, germinating teleutosporc with two tawdia , 3, ^segetatue, 4, fructifMiig gemmat- 
ing LabidiOhpore , 5, a poitmn ol a group of medospores (if) and teleut* isporet (?), [*, the gene 
porea , 6, germinating uiedospoie (1, 2 , 3, 4, after Tclysne , 0, 0, after L>e Bar\, troiu \ 
T wel , 1 X 150, 2 x circa 230, S, 4 X 370 5 X 300, 0 X 300 ) 

tion. The enveloping layei or FEitiDint of the reeidia i& foimed of the penplieral 
hyphse, which remain stenle 

Uiedospores and aecidiospoies differ from the teleutospoies only m their manner 
of germinating vegetatively ? m the mode of tlieir formation they are to be regarded 
as ehlamydospores, which serve a distinct biological purpose m the dissemination 
of the Fungus They have probably been evolved fiom teleutospoies , occasionally 
transitional foims between teleutospores and uredospores aie found 
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In tlie life -ln^tory of the Ural mute provided with such, tmnorphous chlamydo- 
sjtoies still another asexual spoil ferous fi uctifieation occurs, resulting m the pro- 
duction of comdia. In this case the comdia are foirned in pycxidia similar m foim 
and structure to those exhibited by many of the higher Asco inycetes. The pyc- 
nidia produce internally minute comdia on filamentous conidiophores, the so-called 
pyo'osPokls or pyi xot’oxiWA The pyenidia were formerly’ called spermogoma, 
and the spores, which were thought to be sexual cells, were then termed speimatia. 
The pycnocomdia aie discharged from the mouth of the spherical or flask-shaped 
iecepta.de 'Fig 289; , their fuither development on the host-plant is still unknown, 
but they may be induced to germinate m a nutrient solution. The pyemdia 
appeal in spung with the ceeidia, but somewhat earlier, and on the upper side of 
the leaf, w lule the cecidia develop on the under side 

The Cud mute thus exhibit a great variety of asexual spores, as m addition to 
the three chlamydospoie forms they produce two other kinds of comdia, viz those 
formed m the pyenidia and on the ba&idia. The different spoies usually succeed 
each otliei, aceoidmg to the seasons ; ceeidiospores and pycnocomdia in the spring, 
aredospoiesin summer, and teleutospores in autumn, which in the following spring 
develop basidiospores. The latter geimmate at once, and the mycelium penetrates 
the host -plant and pioduees in turn cecidia, pyenidia, etc. iEcidiospores and 
uiedosjfores provide lor the dissemination of the Fungus during the vegetative period. 

All the diffeient foinis of spores arise m the course of the year, either on the 
same host-plant, or the pyenidia and cecidia may occui on one host-plant, and the 



uredospores and teleutospores on an- 
othei, often unrelated plant In the 
lust case the parent Fungi are termed 
At icecious (e g Puceima Porn on 
species ot All turn and P. Asparagi, 
the Rust Fungus of Aspar agus ) ; m 
the latter instance they are heter- 
cecious, and an alternation of hosts 
occurs 

An example of an hetercecious Rust 
Fungus is afforded by Puceima gram- 
mis, the mst of w'heat. It develops 
its uredospores and teleutospores on 
all the green parts ol Qiammeae, 
especially of Rye, Wheat, Barley, Oats, 


Fie. 2S9 — Pi'uiae' 5 / a m uius Traus\eisc section 
of a leaf of Baibeny with a pycnidium in 
longitudinal section ( a 130) , » , escaping pj cno- 
spores; 2 , a portion of the hymemum of the 
pj cmdium ( x 2 J3) ; 0, germinating pjenospores 
■with several oil globules shown in the long 
germ-tube ( x soO) (After v Ta\ sl.) 


to which its parasitic mycelium is ex- 
tremely injunous. The seciaia and 
pyenidia of this species are found on 
the leaves of the Barberry ( Herberts 
vulgaris). In the spung the hiber- 
nating double teleutospores give rise to 


tiansversely septate basidia, from which 
the four basidiospores are abstiieted (Fig. 2SS, 2) These aie scattered by the 
wind, and if they fall on the leaves of the Bai berry they germinate at once. 
The germ- tube penetrates the cuticle, and theie forms a mycelium which gives 
rise to pyenidia on the upper side of the leaf (Fig. 2S9), and to aecidia on the under 
side Tins form of the Fungus is known as JEeidium, Bet bendis , tlie secidium 
lesembles essentially that of Puceima fusca previously figured (Fig 287). On the 
rupture of the peridium the reddish -yellow* ceeidiospores are conveyed by the 



SECT. I 


CRYPTOGAMS 


8»J7 


wind to the haulms of graces. upon which alone they c-jji germiuat*-. The 
mycelium thus developed produces, particularly ou the leaf- sheath.-, primarily 
uredospores (Fig. 258, it). They are unicellular, studded with warty protuberances, 
and provided with four equaturially disposed germ-pores. In consequence. the 
reddish -yellow fat globules contained in the protoplasm of the spores form red 
markings (formerly termed Undo Kneads, on the epidermis of the host-plant. 
The uredospores are capable of germinating at once on the same or other cereals, 
and thus the rust disease is quickly spread. Towards the end of the summer 
the same mycelium produces the black, thick-walled teleuto>i»ores s which in this 
species are always double, being united in jairs. Each tekntospore is provided 
with one germ -pore, and on germination in the succeeding year the cycle is 
begun afresh. 

The mycelium of the Uredo form may hibernate in winter wheat, and thus the 
rust may appear in the spring without the previous formation of basidiospores or of 
secidia. 

Other Rust Fungi, like Pueciniti ganninis. common on Gru minrac, and having 
a similar development, are P. Rubigovera '= F. stra minis), with the jecidium 
form, FEcidiuin AsperifoUv.ni on the Boragtncuc, and P. coconut a, with the corre- 
sponding form, AEdditun Rhanrni , on Rhamiius. 

All Uredincac do not exhibit so complicated a course of development as Pucci nia 
graminis. Certain species produce only busidia from germinating teleutospores 
(c.g. Pucciuia Malm ecu nun, now very common on the Malvaceae, but originally 
introduced from Chili). Pvccinitt historian on Polygonum listnrta gives rise, in addi- 
tion to teleutospores, only to uredospores whieh are developed on the same host. 
Pucciuia fusca produces pyenidia and secidia ( Fig. 287', and afterwards teleuto- 
spores on the leaves of Anemone nemorusa. but no uredospores. In the develop- 
ment of various forms of ehlamydospores, either a different degree of advancement 
is thus manifested in the different groups, or by a process of degeneration one or 
other spore-form has been lost. There are, moreover, species whose reproduc- 
tion is effected chiefly or exclusively by uredospores or by secidia. In such cases 
it must be inferred that as the result of the environment the production of teleuto- 
spores has been almost wholly or altogether suppressed. For example, it is stated 
that in the tropical climate of Ecuador, V rout gees Falae on Vida Faba multiplies 
solely by means of uredospores. 

In the case of the lieteroeeious species, it is only possible to demonstrate the 
connection between the different spore-forms by means of culture experiments. So 
long as the relation of the different forms was not known, it was customary to 
designate each by a special generic name ; the Uredo forms as Uredo ; the JEcidia, 
according to their structure, as FEcidtum, Rocstcliu, Pcridermium, etc. The 
generic name is now determined by that of the teleutospores, as they exhibit the 
most characteristic distinctions. 

Ma ny of the Urcdincac are injurious parasites, c.g. Gym oosporangium Sabinae, 
whose teleutospores develop on Juniper us Scibiua, while the secidia and pyenidia 
occur on Ptrus Communis. The tecidium produces the so-called lattice rust on the 
leaves of the pear tree, and has been termed Rocstclia cancellata. The Rust Fungus 
found on the needles and bark of various species of pines, and formerly known as 
Pcridermium, is due to sac-shaped secidia, whieh belong either to the genus Coleo- 
sporium, whose uredo- and teleuto-forms occur on the Compos it ae and Rh inanthaceae, 
or to the genus Croncirtium, with uredo- and teleuto-forms on Viucetoxium and 
Ribes. Especially destructive to the tropical coffee culture is Hemileia rastatrise , 
which produces both its uredospores and teleutospores on the leaves of coffee plants. 
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Order 2 Auricularieae 

The basidia. as m the case of the Uirrhaeae, aie tiansveisely septate, with foui 
long sponfeious steugmata , they spring directly from the mycelium without any 
pre\ious foimation of chlamydospoies. But few forms aie included m this order 
Among the most familial is Auncvla na s ambucma (Judas’ eai), found on old Eldei 
stems It has gelatinous, dark-1 u o\\ n fructifications, which are shell-shaped and bear 
on then inner sides the basidial hymemum. 


Order 3. Pilacreae 

This oulei comprises only the genus Filacer, occurring on the baik of deciduous 
tiees. The tianweisely septate basidia with foui sessile spores arise within stalked, 
capitate fructifications which attain only a small size. 

Order 4. Tremellineae 

The basidia are longitudinally dn ided (Fig. 286, B) The hymemum is situated 
on the surface of the fi notifications, which aie geneially gelatinous and irregulaily 
lobed oi folded. The few geneia included in this older aie sapiophytie on decaying 
wood and tree- trunks, fiom wdiose surface the fructifications aie produced. 


Order 5. Hymenomycetes 

The basidia are undivided, and bear four spores at the apices of slender steug- 
mata (Fig 290, b, sp ) In the simplest foims these autobasidia spring directly 
fzom the mycelium, blit m the majority of cases stalked fructifications surmounted 

by a cup-like expansion, the 
filers, are produced, which 
bear definite liymemal layers, 
composed m addition to the 
basidia of parapliyses (Fig 
290, p), and also of sterile 
cvstids (c) or club - shaped 
tubes characterised by then 
larger diameter and more 
strongly thickened wall. In 
this order, m contrast to the 
Urechnecte , the formation of 
chlamydospoies is - of rare 
occurrence, and is coi respond - 
ragly of suboidmate impoit 
ance. 

Most of the Hymeaoniy- 
cetcs develop their profusely 
branched, white mycelium m 
the humu s soil of forests oi 
in decaying wood, and pro- 
duce fructifications^ often of 
eon&ideiable size, piotrudiug from the substratum. The mycelium of the forms 
vegetating m the soil spreads further and further, and dying in the centre as it 
exhausts the food material of the substratum, occupies continually widening con- 
centric zones. In consequence of this mode of growth, where the development has 



Fn. 2>hj — Russule ivbi < Portion of tlie hymemum sli, Sub- 
lij menial lajer, b, basidia, s, sterigmata , sp, spores; p, 
parapliyses , c, a cystid (x 540 ) 
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been undistuibed, the fructification* which appear in autumn fuim the so-called fan y 
rings These rings may attain a diameter of several metres , they aie foime 1 not 
only by HymeMmyesies \c ej Attia,uhr mi /vwvtf. Boh f as cdi?hs\ but also by 
the Morchellas among the Ascotaycrfn. A few H*bnr,ioniycPtfs are parasitic, and 
vegetate in the bark or wood of trees Of such parasitic forms At uidlana uielhr^ 
whose mycelium vegetates betw een the bark and wood of Conifers, is a familial 
example The piofusely branching mycelial hyphee undergo a remarkable modifica- 
tion (Fig. 291), and become interwoven into flat, black strands from which fine, 
hair-like byplue are sent out and penetrate the wood for the absorption of nourish- 
ment. It is from these strands, known as Bhizomu&ph*, that the stalked, capitate 
fructifications are eventually produced. In addition to the subcortical stiands. 



Fig 201 — Annillano mellea Pur- Fig 2 f >2 — Exohpstdtvui Voceinn Transverse section 
tion of a rhizomorpha strand (r) through the periphery of a stem of Vaccinzum ; ep 3 

\\ ith mature (a) and j oung (b) epidermis , p, cortical parenchyma , m, mycelial hypha- ; 

fructifications (After Hvrtig b\ protruding basidia without sterigmata , V\ with 

from v Twel, J nat. size ) rudimentary sterigmata, V'\ with four spores (Aftei 

Woronin, x 620 ) 

subterranean mjcelial strands are developed which pervade the soil and infect the 
roots other trees The lhizomorphs may also be regarded as a form of sclerotia. 
Copr lilies steico?arms , another Fungus of this same family growing in cow and hoise 
"dung, forms also small, round, black sclerotia. 

The jE Tymenomycetes are further classified according to the increasing complexity 
exhibited m the stiucture of their basidial fructifications. 

1. In a few genera no distinctive fructifications are formed, and the autobasidia 
spring in irregular groups directly from the mycelium Exohctszdium Vaccimi may 
be taken as a type of this form. The mycelium of this Fungus, which is widely 
spread m Europe, is parasitic m the Ericaceae , especially on species of Vaceininm 3 it 
causes hypertrophy of the infected parts. The basidia are formed m groups under 
the epidermis, which they finally rupture (Fig. 292). In this genus, as in many 
others, accessory fructifications are developed, and as spindle-shaped conidia are 
abstneted before the formation of the basidia from the mycelium on the surface of 
the host-plant. 

2 B 
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2. In the group of the Tlielephorcac, distinctive fructifications of a simple type 
are found They are composed of closely interwoven hyphte, and form on the 
trunks of trees eithei flat, leathery incrustations hearing the hymenium on their 
smooth uppei surfaces ; or the flat fi notifications become raised above the substratum 
and form bracket-like piojections, which frequently show an imbucated arrangement, 
and bear the hymenium on the under side (e g Stereum Jiirsutum, common on the 
stems of deciduous trees) 

3 The fructifications of the Clavaneae are also gymnocarpous, having the 
hymenium on their upper surfaces They form erect whitish or yellow -coloured 

bodies, eithei fleshy and club-shaped or more or less 
'V' branched, resembling coral ( (Havana , Fig 293). The larger 

M ‘ u profusely branched forms of this group are highly esteemed 

for their edible qualities , in particular Clavauct flava, 

whose fleshy, yellow-coloured fructifications aie often ten 
centimeties high, also Claiana coralloides and Sparassis 
cnspa, which grows in sandy soil m Pme woods, having 
fructifications half a metre thick, with compressed leaf-like 
branches 

4 The Hydneae have fi notifications with spinous pio- 
jections over which the hymenium extends In the simpler 
forms the fiuetifications have the appearance of mcrusta- 
Fig 293 -Chun , « auuu > tlons > wltlx spinous outgrowths projecting from the upper 

tiata (Nat. size.) surface ; m other cases they have a) stalk teimed the 

stipe, hearing an umbrella - like expansion, the pileus, 
from the undei side of which the outgrowths depend. The latter form is exhibited 
by the edible Fungi Hyduum tmbmcatum, which has a pileus 15 cm. wide, and 
Hychium repandum (Fig 294), with a yellowish flesh-colouied pileus 

5 In the Polyporeac the stalked or sessile and bracket-shaped fructifications 
are indented on the under side with pit-like depressions, or deep winding passages, 
or coveied with a layer of tubes, closely fitted togethei and lined by the hymenium 
To this family belongs the genus Boletus, which has a Iaige, thick-stalked pileus, 
covered on the under side with a layer of 
nanow dependent tubes. Although many 
species of this genus are edible (e g B 
hiteus, B cduhs, B. scaler), others aie 
exceedingly poisonous, m paitieular B 
Satanas (Fig 295). This latter Fungus 
has a yellow to reddish-puiple stalk, with 
red reticulate markings above, while the 
pileus, which may he 20 cm. wn.de, is yel- 
lowish-brown on its upper surface, but on 
the under side is at first blood-red, becom- 
ing later orange -red. Of the numerous 
species of the genus Polyporus, P. fomcn- 
tanus , Touch-wood, is officinal (Fungus 
chirurgorum). Its mycelium is parasitic 

m deciduous tiees, especially the Beech, «u u i ,, , , . 

and pi oduces large, bracket or lioof-shaped 

perennial fructifications, 30 cm wide and 15 cm thick They have a hard, gray 
external surface, but inside are composed of softer, more loosely woven hyphse, and 
were formeily used for tinder. The narrow’ tubes of the hymenium are disposed on 
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tlie under side of the ft uctitic ition-s ji -octessu e annual layers P **hi**u s Fig 
296), illicit is often Found on Willows and lias a similar stmctxre, La'* a ru-tr- 
biown colour, and fuimshe- as A t is much harder a j»omei quality «» 4 tmdei 



Fig fc ”J5 — lioZtfif!. (Attei Kroubuoue, J nat i J o/so\oo > 

Many paiasitie Pohjpotcae aie highlj lnjuuous to the trees attacked Ly them ; 
thus HderobastcUoti aaaomm often causes the death of whole ioiests ot Pines and 
Spruce Fiib. JU*'n*hu$ I aery mans is an exceedingly dangei ou« saprophytic species, 
attacking and destroying the tirnbei of damp houses The mycelium of tln^ Fungus 
fomis large, white, felted masses, giving use to outspread, megnlaily- shaped, jutted 
fructifications of an oulire or lusty-biown eoloui, and covered with a hymemal layei 
As lemedial measures, good ventilation should be secuied, and the wood soaked with 
caibohe acid oi petroleum 

6 The Ayamciiieae, which include the gieatest number ot species, l^e stalked 
fructifications, commonly known as Mushrooms and Toadstools The under side of 
the pile us beais a numbei of 
ladially disposed lamelhe 01 
gills which are eoTeTecT with 
the basicfta-pioducmg hymen - 
nun In the eaily stages ot 
then formation the fructifica- 
tions consist of nearly spherical 
masses of intei woven Jiyphaj, 
m which the stalk and pileus 
soon become differentiated 
The rudiments of tlie stalk 
and pileus aie at fiist enclosed 
in a loosely woven envelope, 

1 the volva In the eouise of 
the further development and elongation of the stalk tlie volva is luptured, and its 
torn lexnnants foim a ling or sheath at the base of the stalk, but in many cases 
its development remains rudimentary The fructifications are accordingly lienn- 



Fig — Puhfpoittb iquiviiitA Section through an old fruc- 

tihcation showing annual Tories oi growth, a, point of 
attachment (\ nat size ) 
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angioearpous, and enclosed dui mg their early stages In the “Fly Mushroom,” 
Aiiwinta in i> senna, the volva is well developed, and after its ruptuie it is still trace- 
able in the white scales conspicuous 
on the led surface of the pileus, and 
also on the swollen base of the stalk 
(Fig. 297). 

In addition to the volva many 
Agaricmccic develop a so - called 
velum, consisting of a thin mem- 
brane of hyphal tissue which extends 
in young fructifications from the 
stalk to the margin of the pileus, 
and encloses the hymenial lamellae. 
This covering is afterwards ruptured, 
and remains as a pendulous ring of 
tissue or annulus inferus encirc- 
ling the stalk. This ring is very 
perceptible on the stalks of Aronil- 
lana mcllea (Fig. 291) and the 
cultivated mushroom or champignon 
Psalhota camjoestns (Fig 298) 

In the majority of Aganeineae 
the lamellae are developed as free 
outgrowths from the under side of 
the pileus In the case of Amanita 
m uscana the manner of their de- 
velopment is different, and they anse 
by the differentiation of a homo- 
geneous hyphal tissue in the inteiior 
of the dome-shaped rudiment of the pileus lesulting in the sepaiation of the hyphse 
into ladial plates. The lamellae thus formed are merged at the margin of the rudi- 
mentary pileus into a neutral layer of united 
hypliaj connected with the stalk. As the 
pilens expands, this layer becomes loosened 
from the lamellae and remains hanging to the 
stalk as an upper ring, annulus suferus (Fig 
297). 

Many of the Mushrooms found growing m 
the woods and fields are highly esteemed as 
articles of food. Of edible species the follow - 
mg may be named : the common Field-Mush- 
loom, now extensively cultivated, Psalhota 
campestris (Fig. 298), with whitish pileus and 
lamellae at first white, then turning flesh - 
colour, and finally becoming chocolate-coloured ; 

CantharcNus cibanus, having an orange-coloured 
pileus ; Lactanus dehciosus, which has a red- 
dish-yellow pileus, and contains a similarly 
coloured milky juice in special hyphal tubes , 

Lepiota procera, whose white pileus is flecked with biown scales ; Amanita 
eaesarea, m the south of Europe, related to the poisonous species Amanita 



Fic, 297 — AMnitawtscana (Jnat size Poiao.socs.) 



Pig 29S — Psalhota campestns ( = Agaricus 
ccvmpestns) To the right, a young fruc- 
tification (Reduced ) 
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muscann 9 but having only a few large patches of tht volva remaining attached to 
its red pileus 

Of the poisonous Agat icinuie the following aie heat known Autcinifa nivsca* *a 
(Fig 297) ; Ahuiiida paatheruia , which has a brown -coloured pileus studded with 
white protuberances , livwvla emeftca, with a red pileus and white lamella ; Lac - 
ten tvs tormiausu% hating a shaggy yellow or reddidi-brow n pileus and white milky 
juice. 

j Rozztcs goagylophura, , found in South Brazil, is of especial biological interest. 
According to A Muller, this species is regularly cultivated m the nests of the leaf- 
cutting ants Its mycelium produces spherical swellings at the ends of the hyphae, 
which become filled with protoplasm, the so-called Kohl-rabi beads, and serve the 
ants as food material. The ants prevent the development of the accessory comdial 
fructifications peculiar to this Fungus, and thus continually maintain the mycelium 
in their nests m its vegetative condition. The fructifications, which rarely occur 
on the nests, resemble those of A* tier- 
mta muscaria , with which Ilozites is 

nearly allied. jr' * t m X 

Officinal. — Polyporus fame a - 

tar ms (Fungus chirttrgorum), the p \ 

only officinal species of the Hymeno- \ 

mycetes. \ 






Order 6 Gasteromycetes 


m 


The Gasteromycetes are distxn- * 6 “ * > J 

guished from the JSy mcno mycetes by Jr 

their angiocarpous or enclosed fructi- l * , . , , 

fications, which open only after the V 

spores aie npe, by the iupt ore of the |g 2 ' 

outer liyplial cortex or peeidium 

The spores are foimed within the * 

fructifications m an inner mass of 
tissue termed the gleba , it contains 

numerous chambers, which aie either | A 

filled with loosely intei w T oven kyphae ^ 

with lateral blanches terminating m ^ 

basidia, or wdiose walls, designated &0**&t* /| 

the trama, are lined with a basidial ^ 

The Gasteromycetes aie sapro- 

phytes, and develop their mycelium ^ jJrL nijSt 

in the humus soil of w’oods and § Ml wf 

meadow’s Their fructifications, like 

those of the Hymenomycetes , aie raised ^ 

above the suiface of the substratum FiG 299 —Sderodcrmt* tidyare l, A >oung fraeti- 
^ x*l^ TT, fW1AaiA tieation m longitudinal section, showing the 
except m the group of theSymcno- chambers f 2> p * rtlon o£ the mteWoven hjrpb* 

gastreae, winch possess subterranean, -nith basidia, which fill the chambers. (After 

tuberous fructifications resembling Tdlasxe, from v Ta\el) 
those of the Tuber ace ae. 

The fructifications of the different genera exhibit great diversity in their struc- 
ture and mode of formation. 

The fructifications of Scleroderma vulgare (Fig. 299) have a comparatively simple 

2 C 


Fig 299 — Silerodermo mhjare 1, A >oung fructi- 
fication m longitudinal section, showing the 
chambers , 2, portion of the interwoven hyphae 
with basidia, which fill the chambers. (After 
Tdlasxe, from v Taiei*.) 
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DuG — Lt urthuluji rnh 


nf n closed fructification 
(v circa d, from v 
Fuitij, ) 


stun, tuie. They are ueaily spliencal, usually about 5 cm. thick, and have a thick, 
light blown If'itheiy peudmm winch finally becomes cracked and ruptured at the 
_ * apex The gleba is black when ripe, and contains 

I numetous chambeis filled with interwoven hvphse which 

WbS\ pioduce lateral, peai -shaped basidia with four sessile 

&S# spmes (Fig 299, 2< Tins species, which is considered 

m poisonous, is sometimes mis- 

taken . for one of the Truffle 

Fit. CoO — Lt Hcthtilu.ii /•’(/• also spherical fructifications, 

<7*7 t Longita-liiiai section which aie at fust white, and 
of a closed fructification ] ater 0 f a brown colour. In 

from v T " EL ' b the iast - nained s enus the y are wjg o r 

also stalked, and in the case 
of Lycop* rthjti Bans! ci may even become half a metre in 
diameter The pendium is foimed of two layexs , the f 

outer disappears at maturity, while the inner dehisces at 
the summit The hymemal layei of basidia, m the Fungi 
of this group, line the chambers of the gleba. The 
chambers are also provided w ith a fibrous capillitium con- 
sistmg of blown, thick- walled, blanched hyphse which 
spring fiom the walls, and in iipe fructifications fill the 
whole internal cavity with a brown, fibrous, felted mass 
containing the spores. The fibres eori espond biologically 
to the capillitia of Myxomycetes, although different mor- 
phologically The huetifications are edible while still 
young and white, and have an agreeable taste, but when 
ripe they are diy, and weie formerly used for stopping 
the flow of blood 

In the related genus G easier (Eaith-star) the peridia 
of the nearly spherical fructifications aie also composed of 

two envelopes When the dry fnnt dehisces, tlie outer \\ 

envelope splits into several stellate segments and the -;V 

inner layer of the peridium becomes perforated by an gm&Mm* \A 
apical opening mjMfppJmF 

Tlie fructifications of Crucihuhun and of otlier related * A 

genera have an altogether diffeient structure Thev ' '\'fl 




flSGIflS&ll 


sjj 




develop on rotten w ood or on the ground as small w^hite By 4|PF M 

01 biowTi. cup-shaped bodies (Fig 300), containing a K 1 , lA ; j ',jfM 

number of stalked or sessile, thick- walled pendiola. The iHim 

pendiola aie pioduced by the differentiatioiTof the mtemal "® ‘ ^-,W 

tissue of the gleba, unused portions of which become dis- 

solved. They are lenticular in shape, and enclose an ^ 

inner cavity lined with the liymemum. The fiuetifiea- 

tions are at first closed ; when ruptured, the peridium 

forms a cmc.bl.- S h>pedreeeptaele containing tlie pendiola. 

The highest development of the fructifications is size) 
exhibited by the Phalloideae , of wdnch Phallus mipudiens 

(Stink-horn) is a well-known example. This Fungus is usually regarded as poisonous, 
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but no poisonous effects have been proved It was formerly employed m a salve 
as a remedy foi gout Its fructification leealls that of the Di&eomycetous Jfor- 
chella, but it has quite a different manner of development. A fi notification of 
this species of Phullvi is about 15 cm. high It has a thick hollow stalk of a 
white coloui and is peiforated with poies ni chambers. Sumioun ting the stalk is 
a bell-shaped pileus covered with a brownish -gieen gleba which, when ripe, is 
converted into a slimy mass (Fig 301). When young the fructification iorms 
a white, egg-shaped body, and is wholly enveloped by a double -walled peiidnnn 
with an mtermedial gelatinous layei. Within the PEXUDit'M (al&o teimed 
volva) the hyphal tissue becomes diffeien tinted into the axial stalk and the bell- 
shaped pileus, carrying the gleba m the form ot a mass of hyphal tissue, which 
contains the chambers and basidial hymenium. At maturity the stalk becomes 
enormously elongated, and pushing through the ruptured peridmm raises the pileus 
with the adhering gleba high above it The gleba then deliquesces into a dropping, 
slimy mass, which emits a carnon-like stench serving to attiact flies, by whose 
agency the spores embedded in it aie disseminated. 


Class XI 

Lichenes (Lichens) 

The Lichens are symbiotic organisms (p. 213) , they consist of higher 
Fungi, chiefly the Ascomycetes, more rarely Bcibidiomycetes , and uni- 
cellular or filamentous Algae, Schizophyceae or Chlorophyreue, living in 
intimate connection, and together forming a compound thallus or 
CONSORTIUM. Strictly speaking, both Fungi and Algae should be 
classified m their respective orders ; but the Lichens exhibit among 
themselves such an agreement m their structure and mode of life, that 
it is more convenient to treat them as a separate class 

In the formation of the thallus the algal cells become enveloped 
by the mycelium of the Fungi in a felted tissue of hyphse (Fig. 
302). The Fungus derives its nourishment saprophytically from the 
organic matter produced by the assimilating Alga, without at the 
same time behaving as a parasite and injuriously interfering with 
its vegetative activity The Alga, on the contrary, derives a definite 
advantage from its consortisra with the Fungus, receiving from it 
inorganic substances and water From the symbiosis entered into by 
a Lichen Fungus with, an Alga, a dual organism results with a distinct- 
ive thallus, of which the form, which is influenced by the mode of 
nutrition of the independently assimilating Alga, differs greatly from 
that of other non-symbiotie Hyphomycetes with thalli consisting solely 
of profusely branched hyphse. 

In their adaptation to the requirements of the two constituent 
members, the thalli of the Lichens exhibit a variety of forms which, 
although sometimes made use of as a means of classification, are of no 
value in indicating natural relationships 
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The simplest Lichens are the filamentous, with a filiform 
branched thallus consisting of algal filaments interwoven with Fungus 
hypb.se. An example of such a filamentous form is presented by 
Ephehe jjtilescens. This Lichen is found growing on damp rocks m 
short, delicately branched tufts, and consists of thick, multicellular 
filaments of the blue-green Alga Sit ostphon, whose gelatinous cell walls 
are pervaded by the hypke of a Pyrenomycetous Fungus. 



Fig. fi02 — Xanthorw * par at am 1, Germinating ascospore Op) ^\ith ‘branching germ-tube applied 
to the Ciptocoteu* cells (a), 2, thallus in process of formation, sp, two ascospores , p t 
Cy^tomccH s cells By the fusion of the hyphse m the middle of the mycelium, a pseido-paren- 
chymatous, cortical lajer has begun to form (After Bonnier, from v Tavel, x 500 ) 

Another group is formed by the gelatinous Lichens, whose 
thallus, usually fohaceous, is of a gelatinous nature (e.g. Collema). 
The Algae inhabiting the thalli of the gelatinous Lichens belong to 
the families of the Chi oococcciceae and Nostocaceae. As is characteristic 
of the Nostocs, their cell walls are swollen, forming a gelatinous mass 
traversed by the hyphae of the fungus. The genus Collema is an 
example of this group. 

In both the filamentous and gelatinous Lichens the Algae and 
Fungus hyphse are uniformly distributed through the thallus, which 
is then said to be" unstratified or homoiomerous. The form of the 
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thallus of the hornoiomerous Lichens, particularly of the filamentous 
forms, is determined by the Algae. 

In other cases the Lichens ha\ e stratified or heteromerous thalli , 
their form is then determined essentially by the ""Fungus. The en- 
closed Algae are usually termed gonidia. They are arranged in a 
definite gonidial layer covered, externally, by a CORTICAL layer, 
devoid of algal cells and consisting of a pseudo-parenchyma of closely- 
woven hyphse. It is customary to distinguish the three following 
forms of heteromerous Lichens. 

1. Crustaceous Lichens, in which the thallus has the form of 


an incrustation adhering closely to a substratum of rocks or to the 
soil, which the hyphse to a certain extent penetrate. 

2. Foliaceous Lichens (Fig. 303), whose flattened, leaf-like lobed 


or deeply-cleft thallus is attached more loosely 
to the substratum by means of rhizoid hyphse, 
springing either from the middle only or irregu- 
larly from the whole under surface. 

3. Fruticose Lichens (Fig. 304), with a 
filamentous or band-like thallus branched in a 
shrub-like manner and attached only at the 
base. They are either erect or pendulous, or 
may sometimes lie on the surface of the sub- 
stratum 

The manner in which the Fungus unites 



Fio 303 — Xmifnortci pauethitf 
on a piece of bark- (Nat 
size ) 


with the Alga may be seen from the adjoining 

figure (Fig 302) showing the mode of formation of the orange-yellow 
thallus of Xanthoria parietma , a foliaceous Lichen frequently occurring 
on tree-trunks and walls. The branching germ-tube produced by the 


germinating ascospore (Fig. 302, 1 , sp ) of a Fungus belonging to the 


order Discomycetes has already formed an intimate union with two 


algal cells of the Protococcoideous genus Cystococcus , which furnishes 
the gonidia of this Lichen. By the repeated branching of the hyphse 
they entwine more completely round the group of Cystococcus cells and 
form the thalloid rudiment (Fig 302, 2), from whose continued growth, 
accompanied by the division of the algal cells, the closely- woven hyphal 
tissue of the thallus of the mature Lichen is produced. 

In their natural condition the germinating spores of the Lichen 
Fungi appear to be capable of continuing their further development 
only when they are enabled to enter into symbiosis with the proper 
gonidia. For a few genera of Lichens, however, it has been determined 
that the Fungi sometimes exist in nature without the presence of the 
Algae; it has been shown that the tropical Lichen, Cora paroma , 
whose Fungus belongs to the order Hymenomycefes, may produce 
fructifications even when deprived of its Alga, which have a form 
resembling those of the Fungus genus Tlielepliom. Small thalli have 
also been successfully grown from the spores of certain Lichen-forming 
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Ascomycetes, cultivated without Algae and supplied with a proper 
nutrient solution. 

In the formation of a fully-developed Lichen from the rudimentary 
thallus (Fig. 302, 2) the hyphal tissue usually becomes differentiated 
into a thick cortical layer of pseudo-parenchyma and into a more 
loosely woven medullary layer, with the zone of gonidia entwined by 
hyplia? between the two. These different zones are- most plainly 
seen in the fruticose Lichens, among which the Beard Lichen, Usnea 
b<n-b<iht (Fig. 304), has developed m the medulla a mechanical system 
consisting of a firm hyphal strand. Both the upper and under surfaces 
of the foliaceous Lichens are usually covered with a coitical layer. 
The medullary layer lies m the middle, between the two cortical 
layers, while the gonidia form a laj'er between the upper cortex and 
medulla. A cortical layer is present only on the upper side of most 
foliaceous and crustaceous Lichens, or if present also on the under 
side, it is developed merely on the margins , the medullary layer then 
lies directly upon the substratum. The thalli of the Lichens are 
attached to the substratum by rhizoid hold-fasts, RHIZINES, which 
consist of hyphse resembling root-hairs 

Many Lichens are able to multiply in a purely vegetative manner, 
by means of loosened pieces of the thallus, which continue their growth 
and attach themselves to the substratum with new rhizmes. The 
majority of the heteromerous Lichens possess in the gonidial layer 
another means of vegetative multiplication by forming soredia. 
In this process, small groups of dividing gonidia become closely 
entwined with mycelial hypha?, and form small isolated bodies which, 
on the rupture of the thallus, are scattered m great numbers by the 
wind and give rise to new Lichens. 

The fructifications of the Lichens are produced by the consorting 
Fungi, not by the vegetating Algae The Fungi belong chiefly to the 
Discoutycetes ; a few genera to the Pyrenomycetes ; and only a single 
genus to the Hymenomycetes. In conformity with the nature of their 
constituent Fungi, the first two groups are classified as Ascolichenes, 
the third as HymenolicJienes 


1 Ascolichenes 

(«) The Discuhchenes or Lichencs gymnocctrpi pioduce, as the ascus-fruit of 
then Fungus, chiefly cupulai oi discoid apotheeia, sessile or somewhat depressed on 
the thallus. In structure they resemble those of the Peztzcae (Fig 282), and bear 
on then upper side an hymemum of asci and paraphyses. One of the commonest 
species of fruticose Lichens belonging to this gioup is Usnea bcnbctta, the Beard 
Lichen, frequently occurring on tiees and having large, fringed apotheeia (Fig 
304). IlocceUa tinctona , another member of the DiseoheJienes , found widely 
distributed on the rocks of the African coast and East Indies, has an erect, vermiform, 

, forked thallus from which litmus and orchil (orseille) aie obtained. Cetramct 
islandtca, Iceland Moss (Fig. 305), occupies an mteimediate position between the 
fruticose and foliaceous Lichens. It has a divided, foliaceous but partially erect 
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thallus, which is of a light blui-li gi eon or biown colour, whitish on the under -ide 
and bears the apothecia obliquely on its margin This Lichen is found m 
mountainous regions m the northern part of the Noithern Hemi-phtre, and also at 
Cape Horn; it has an officinal value as a demulcent XonthotW puruhno 
fFig 303) may be taken as an example of one of the commonest of the foliaceous 
Lichens. The thallus is oiunge-yellow in colour, and hears numerous apothecia on 
its central poitions. Gropius sci iptv may be cited a- a well-known example of the 

0 
ft 


Fw £04 —Usnea larlata. ep, Apothecium Fig, 30j —Cetwna tih< net rn op, Apotliecinni. 

(Nat size ) (Nat size Official ) 

crustaceous Lichens, its grayish white thallus occurs on the haik of tiees, pal - 
ticularly of the Beech, on whose surface the apothecia are disposed as narrow, black 
furrows resembling wilting To the ciustaeeous Lichens belongs also Sphac/o- 
thalha csculenta, glowing on rocks in the steppes and deserts of North Afuca and 
Asia. The thallus falls into small pieces the size of a pea , scattered by the w md 
they are utilised by the Taitars m the preparation of earth-biead. The North 
European crustaceous Lichen Ochroleehia tarhnea affords, like lloccclla , litmus and 
red mdigo. 

A peculiar mode of development is exhibited by the genus Clado aw, whose 
primary ^thallus consists of small horizontal scales 
attached directly to the ground, from which rises an 
elect portion, the podetilw, of varying form and struc- 
ture m the different species In some cases the podetia 
are stalked and funnel-shaped, bearing on the margin 
or on outgrowths from it knob -like apothecia, which 
m C pyxidata are brown, m C. comfera (Fig 306) 
bright led. In other species the erect podetia are 
slender and cylindrical, simple or foiked , m C rancji- 

fettna, Reindeer Moss, which has a world- wide distn- „ . 

bution, particularly in the tundras ot the Aoith, the (, Scales of primary thallus. 

podetia aie finely branched (Fig 307), and bear the (Nat size) 

small brown apothecia at the ends of the branches. 

Frequently the podetia of this species and often also of the others remain sterile, 
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and the ascogenous hyphse, although differentiated in the interior, do not succeed 
xn producing asci. 

In addition to the ascogenous fructifications, the Discomycetous Lichens 
produce accessory fructifications in the form of PYCNIDIA, which abstrict and 
eject small conidia. Fig. 308 shows such a pycnidium of the common foliaceous 
Lichen A/iaptychm cihans. The pycmdia arise on the surface of the thallus 



Fig SOT — CZadoma rangifei urn. A, Sterile , Fig 30 S — Section through a pycmdium ( sp ) in the 
JB, with ascus-frmt at the ends of the thallus of AnaptycJua cilmns , c, cortical layer, 

branches (Sat size ) *i, medullary layer ; g, gomdial layer (x 90 ) 


(Fig. 308), or, as m Cetrama tslandica, they may be produced on the margin xn 
small wart-like protuberances. In the Cladomas they occur on the same fructifica- 
tions as the ascogenous hymenium or on others similar to them The pycnospores 
were formerly called spermatia, and erroneously regarded as male sexual cells ; the 
pycmdia were then termed spermogonia. 

{b) The Pyrcnohcheties or Lichenes angiocarpi have flask -shaped perithecia, 
similar to those of the Pyrenomycetes , and also develop pycmdia To this group 
belong only a few, for the most part crustaceous Lichens ( e g . the Verrucarias, the 
foliaceous genus Esidocarpon, etc ). 

2. Hymenoliehenes 

The Syitictiohchencs are represented only by the tropical Cor cl puvoma^ of which 
the genera Phctyonema and Laudatea are only specially differentiated forms. The 
Fungus of this Lichen belongs to the family Thelephoreae (p. 370) ; its flat, lobed, 
and often imbricated fructifications are also found entirely devoid of Algae. In 
symbiosis with the unicellular Alga Ckroococeus , it forms the fructifications of 
Cora pavoma (Fig. 309), resembling those of the Thelephoras with a channelled, 
basidial hymenium on the under side. Associated symbiotically, on the other 
hand, with filaments of the blue-green Alga Scytonema , if the Fungus preponderates, 
it produces the bracket -like Lichens of the Dictyonema form, found projecting 
from the limbs of trees with a semicircular or nearly spherical thallus composed 
of radiating hyphal threads, and having the hymenium o& the under side. When 
the shape of the thallus is determined by the Alga, a Lichen of the LavdaUa form 
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occurs as felted patches of fine filaments on the bark of tree-, with the Lymenmm 
on the parts ot the thallus which aie 
turned away fiom the light 


The Lichens are everywhere widely 
distributed, growing on the ground, on 
rocks, and on tree-trunks. Tliev occur 
in localities unfavourable for every 
other kind of vegetation, and can 
endure the greatest heat or cold oi 
prolonged drought without injury On 
the recurrence of sufficient moisture 
and the proper temperature, their vital 
activity assezts itself anew ; they are 
thus enabled to inhabit even the peaks 
of the highest mountains. In conjunc- 
tion with the Mosses, they characterise 
by their abundant development the 
vegetation of the polar regions, particu- 
larly that of the so-called tundras, the 
chief vegetation of which is represented 
by Claduma ranytferuia 

Officinal. — The only lepresentative 
(Lichen islandicus). 



Fig CQ9 — Cvto pmm >a A, Viewed from afio\e , 
If, fiom belou , hyw, liymenmm. (Nat size ) 


of the Lichens is Cet/aria islandtca 


II. BRYOPHYTA (MOSSES) 


The Bn/ophyta or Musaneae comprise 

fj 


two classes, the Hejoaticae 
or Liverworts, and the 
Musci or Mosses. They 
are distinguished from 
the Thallophyta by the 
characteristic structure 
of their sexual organs, 
ANTHERIDIA and ARCHE- 
goNIA, which are simi- 
lar to those of the 
Pteridophyta, the most 
highly developed of the 
Cryptogams. The Bryo~ 
phyta and Pteridophyta 
are accordingly regarded 
as having been derived 
from a common ancestor, 
and, in contrast to the 
Thallophyta , they are referred to collectively as Arckegcmiatae. 

The antheridia or male sexual organs are stalked, ellipsoidal, 
spherical, or club-shaped, with thm walls formed of one layer of cells 



Fig 310 — Mai chant ta polymorpha. A, Nearly ripe antheridium 
m optical section; p 3 paraphyses £, Spermatozoids hxed 
with 1 per cent perosmic acid (A x 90, B x 600 ) 
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and enclosing numerous small cells, each one of which is the mother- 
cell of a spermatozoid (Fig. 310) At maturity the spermatozoid 
mother-cells separate and are ejected from the antheridium, which 
ruptures at the apex. By the eventual dissolution of the enveloping 
walls of the mother- cells the spermatozoids are set free as short, 
slightly twisted filaments, terminating anteriorly in two long cilia 

Spermatozoids of similar 
form are found among 
(A jq the Thallophytes only 

{ A ■ ; in the group of the 

A ' Chmaeeae. The arche- 

- \ ■ \ gonia are flask-shaped 

AvA j — ; — J r \ \ bodies with walls formed 

; — i J — • . but one layer of 

; J —A, /— t — / cells , they are sessile or 

, - Aj 1 >!_ > /-/„./ shortly stalked, some- 

-j-j | ‘ \Z\ L / times also somewhat 

i -jU J ^ l / sunk m the tissue, and 

^ - -A ' * — jCT f—jC-l consist of a dilated ven- 

— ,r .'--I I tral portion and a long, 

/ • < — . slender neck. The ven- 

‘ — /AT* ! “j /AA \ — I tral portion encloses a 

^ AA ; , 'A — 1 /A AfAr \ large central cell, the 

l < :ff h '1 VfAH Cf$A .§\ \ contents of which shortly 

All rf—’ - ~~l -\r before maturity divide 

'* A a A : l@A j ' I into the egg -cell (Fig. 

/ C*.^ j, ' 311, A, o ) and into an 

^ vr'AAA 1 \A-, —''AA/ - ’ overlying ventral canal- 

An V-PAV ! cell (i"). The latter is 


s 


l 1* 

-fcl 




*4..j 


WAM 




U" • * ’« ! fy? 


A.'/ - -n ° ■ A'.^y V ' I 311, .4, (?) and into an 

^ VT'UAA' \A, jA/ 7 overlying ventral canal- 
lA yn H-A\; [ cell (l"). The latter is 

^ ‘V ” 1 f~Aj situated at the base of 

Fig Sll — V'aickrnitia polymorpha A, Young, B, mature arch e- the neck, just below a 
"ouirnn; C, fertilised aicliegomum, with diudmg egg-cell, central TOW of neck- 
l’, neck-canal cell , ventral canal-cell, o, egg-cell, p>, eanal-Cells (&) On the 
pseudo-perianth ( x 040 ) ' , . 

maturity ot the arche- 


gonium, the ventral and neck-canal-cells become mucilaginous and 
disorganised. If water is present, the cells at the apex of the neck 
separate (B) and the mucilaginous matter is discharged, and exerts 
through the diffusion of certain of its constituents in the water (cane- 
sugar in the case of Mosses) an attractive stimulus on the sperma- 
tozoids. The spermatozoids, thus directed toward the neck of the 
archegonium, traverse it as far as the egg, into which one spermatozoid 
penetrates. The water necessary for the process of fertilisation is 
sufficiently supplied by rain or dew. After fertilisation has been 
accomplished, the egg-cell divides and gives rise directly to an embryo 
(c), without first, as is usually the case in the oogamous Thallopfiyta, 
undergoing a period of rest. 
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The Mosses as well as the Pteridoph\ tes multiply also asexually 
by means of walled spores adapted for dissemination through the air. 
These two modes of reproduction, sexual and asexual, occur in 
regular alternation, and are confined each to a sharply distinct 
generation; a sexual, provided with sexual organs, and an asexual, 
which produces spores. The sexual generation arises from the spoie , 
the asexual from the fertilised egg This alternation of genera- 
tions is characteristic of all Aifhegoiunfat. 

In the development of the sexual generation, the unicellular spore 



Fig 312 — Fimaria hygromett tea . -4, Germinating spore , ex, evme , E, protonema ; In, buds , 
7 , rhizoids 9 s, spoie (At ter 31 v ller-Thurgau , magnified ) 


on germinating ruptures its outer coat or exixe, and gives rise to a 
germ-tube. In the case of the HejKiticae, the formation of the plant 
at once commences, but in most of the Muui a protonema is 
first produced, which resembles in structure the filaments of Confer- 
void Algae, and is composed of cells containing chlorophyll (Fig 
312, A , JB). The green, filamentous protonema gives rise to branched, 
colourless rhizoids (?), which penetrate the substratum. The Moss- 
plants arise from buds developed on the protonema at the base 
of the branches Protonema and Moss-plant together represent the 
sexual generation Many Liverworts possess a thallus consisting of 
dichotomously branching lobes, which is attached to the substratum 
at its base or on the under side by means of rhizoids, thus repeat- 
ing the vegetative structure of many Algae (cf Fig. 8 with Fig. 9, 
p. 1 3). In other Sejpaticae , on the other hand, and in all the Musci, 
there exists a distinct differentiation into stem and leaves (Fig. 323). 
In no instance, however, are true roots formed or a tissue of cells 
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developed, but in their stead rhizoids, consisting of colourless branching 
filaments. The Bryophytes, m this respect, differ essentially from the 
Pteridophytes, which are provided with true roots. The stems and 
leaves of Mosses are also anatomically of a simple structure ; if con- 
ducting strands are present, they are composed merely of simple, 
elongated cells. The sexual organs are produced on the adult, sexual 
generation ; m the thalloid forms, on the dorsal side of the thallus , 
in the cormopln tic forms, at the apex of the stem or its branches 
(Fig 313). 

By the division of the fertilised egg, a mul ticell ula r em bryo is 
formed, which, by its further development, gives rise to the second’ or 

asexual generation, represented by 
the sporogonium or the stalked Moss 
capsule. The sporogonium, in most 
cases, consists of a round or oval cap- 
sular receptacle, m whose internal tissue 
numerous unicellular spores are pro- 
duced At maturity the capsule opens 
and sets free the spores In both the 
Bryophytes and Pteridophytes the 
spores are formed m tetrads by the 
twice-repeated division of the spore- 
mother-cell, which previously become 
dis united, representing the actual pomt 
of eommen cement of the sexual genera- 
tion. The spore capsule has usually a 

bifurcated moss stem, o, leases p, para- Sorter 01' longer Stalk, of which the 

basal portion, or loot, remains in the 
distended venter of the archegonium, and, m consequence of the 
overgrowth of the underlying tissue, has the appearance of being 
sunk in it. Although the sporogonium constitutes a distinct asexual 
generation, it continues throughout its existence united with the 
sexual generation, and draws from it the nourishment necessary for 
its development. 

The two classes comprising the Bryophytes may be briefly charac- 
terised as follows . — 



Fig 313 — PliU^ouiiicwspuifittiui arc,Antlier- 
idia , ar, arche^oma at the apex of the 


1. Hepciticac (Liverworts). — The sexual generation, with poorly developed and 
generally not distinctly differentiated piotonema, has either a dichotomously divided 
thallus or is developed as a leafy, and, with one exception, dorsiventral shoot. In 
the majority of Hepaticae, in addition to spores, the capsule produces also platers, 
sterile cells which, in their typical development, become greatly elongated and pro- 
vided with spiral thickenings (Fig 317, F). They conduct nourishment to the de- 
veloping sporogenous cells, and at matunty, after the opening of the capsule, serve 
to separate and scatter the spores. Only m one order, Anthocerotaceae, does the 
capsule have a columella, or 'an axial mass of sterile cells, which also conduct the 
metabolic products to the developing spores. 
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2. Mvsci Qlosses; — The piotonema of the sexual generation is usually well 
developed and distinctly defined, and the moss-plant is always augmented into ^tem 
and leases The leaves are ananged spnally in poly=ymmetiica3 Ie*s frequently m 
bisymmetncal, low's. The capsule is always without eiattrs, hut except in one genua, 
it always possess a columella. ^ 


Class I 

Hepaticae (Liverworts) 

The Hepaticae are divided, according to the structure of the sporo- 
gonium and the segmentation exhibited by the sexual generation, into 
four orders: the Biccmrene, Jfii'chnnhaci ae, and Anthocerotaceae , com- 
prising exclusively thalloid forms ; and the Jungenmiiniaceae , including 
both thalloid and foliose forms. 

Order 1. Eieeiaeeae 

Of all the Hepaticae , this order lias the simplest structuie The genu& Riceia 
belongs to this older , its dichotomously-lobed 01 cleft thallus forms small losettes, 
and growls on damp or marshy soil (Fig. 314, A). Ilium aataiis is found float- 
ing, like Duckweed, on the surface of stagnant 
w T ater Riccia fluitans , on the other hand, lives 
wholly submeiged, and has nairow, more profusely 
branching, thalloid segments (Fig. 10, p. 14}; it 
can, however, glow- on marshy soil, and then forms 
flat rosettes. The Rieeias are piovided with fine 
rhizoids springing from the under side of the 
thallus (Fig 314, £), and possess, in addition, a 
double low of transversely disposed ventral scales, 
consisting of a single layer of cells, which also 
function m the absorption of nourishment. Both 
organs are wanting m the submeiged species, 
liiccia fluitans, which may accordingly be legaided 
as representing the simplest form of Liverworts 
The thallus has a distinct peripheral cell-layer, or 
epidermis, and undei lying it a green assimilating 
cellular tissue, with air-cavities formed by the 
more rapid growth and overarching of the ad- 
jacent tissue. The thallus is also travel sed length- 
wise by a cential strand of elongated cells, devoid of chlorophyll, but containing 
starch 

The anthexidia and archegonia are sunk in the surface of the upper side of the 
thallus. From the fertilised egg-cell is developed a spherical sporogoniuni, filled 
with large tetrahedral spores. The wall of the sporogomum consists of a single 
layer of cells ; it becomes disorganised dui mg the ripening of the spores, which are 
eventually set free by the ruptuie and disintegration of the venter and the surround- 
ing cells of the thallus. Each spore on geimmation pioduces an inconspicuous 
protonema, consisting of an unbranched germ-tube, provided with rhizoids and ter- 
minating m a multicellular germ-disc, from which the new thallus is produced. 

2 D 



Fig 314 — JRiecta minima A , Thallus 
w ith sporogoma sunk m the tissue 
at the base of the lobes (nat. 
size) , B, slightly magnified sec- 
tion through a thallus lobe (After 
Bischoff ) 
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Order 2. Marchantiaeeae 


The Liverworts included m this order are much more highly organised, and m 
many genera they have a decidedly complicated structure Mai cliantia polymorpha, 
found gnuving on damp soil, may serve as an example. It forms a flat, deeply-lobed, 
dichotomously-biauelied thallus, about two centimetres wide, and having an incon- 
spicuous midrib (Fig. 316, A , Fig. 317, A). From the under side of the thallus 
spring unicellular rlnzoids, of w hich some have smooth walls, others conical thicken- 
ings projecting into the inner cavity The thallus is provided also with ventral 
scales, consisting of a single layer of cells In its internal development a dorsi- 
vential structure is also apparent. With the naked eye it may be seen that the 
uppei surface of the thallus is divided into small rhombic aieas Each area is per- 
forated by a central an -pore leading into a corresponding an -chamber immediately 



Fig 313 — Marchantia polymorpha A-C, 
Successive stages m the formation of a 
gemma , st, stalk-cell , JD, surface \ lew 
L, transverse section of a gemma, x, 
point of attachment to stalk , o, oil cells , 
i, eolomless cells with granular contents, 
fioni which the rhizoids will de\elop 
(After Kny, A~C X 275 , D-E x 63 ) 



Fig 316 — Manfaantui polymoipha A , A male 

plant, with anther ldiophoies and cupules b 
(nat size) ; B , section of young antheridiopliore , 
a, anthendia , t , thallus ; $, \ entral scales , r, 
rlnzoids. (Somewhat magnified ) 


below (Fig, 158, A, £). The lateral walls of the air-chambers determine the con- 
figuration of the rhombic aieas The air-pore m the roofing wall of each chamber is 
m the foim of a short canal, bounded by a w r all formed of several tiers of cells, each 
tier comprising foui cells, Isumerous short filaments, consisting of rows of nearly 
spheiical cells containing chloiophyll grams, pioject fiom the floor of the air-chambers 
and pei form the functions of jissimilating tissue Chloiophyll grains are found 
also m the walls of the chambers, but only m small numbeis The ail -chambers 
merely lepresent depressions m the outer suiface which have become roofed over 
by the more rapid growth of the adjacent epidermal cells. The intensity of the 
illumination exercises a great influence on the formation of the air-chambers , when 
the illumination is very weak they may not occur at all. The epidermis on the 
under side of the thallus is formed of one layer of cells The tissue below the air- 
chamber layer is devoid of chlorophyll, and consists of large parenchymatous cells, 
which function as accumulatory or reservoir cells. Small cup-shaped outgrowrfchs 
with toothed margins, the gemmiferous receptacles or cupules, are generally found 
situated on the midiibs on the upper surface of the thallus (Fig 316, b ) These 
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contain a number of stalked gemnue, Hat, Lueuit-shaped bodies of a green coloui 
The gemmae arise by the protrusion and repeated division of a c mgle epidermal cell 
(Fig. 315; ; at maturity they become detached fiom the stalk 'at ar, Fig. 315, D, 



Fia 317 — Marcliantia polymorpha A, A female plant, with fuui aichegomophores of different ages; 
b , cupules (nat size) ; B, under side of receptacle ; ra> s , h, sheath , &p 9 a spozogomurn ( x 3) , 
C, half of a receptacle, dmded longitudinally (xj), D, longitudinal section of a joung sporo- 
gonmm , spf 9 the foot , ±p, sporogenous tissue , kw, Mall of capsule „ aiv wall, and h neck, of 
ai chegoinum ; p , pseudo- perianth ( x 70) , £, mptured sporogomum , k, capsule, s , spores and 
elaters , pseudo-perianth , c* } archegomal Mall ( x 10) , F, an elater , G , ripe spoies (x315) , if, 
germinating spore (s) ; vl> protonema , k, genn-disc, with the apical cell i and rhizoid i K ( xlOO) 
(C 9 E after Bischoff , B, D , F-H after Ksry ) 

They are provided with two grow mg points, one at each of the marginal constric- 
tions, from which their further development into new plants proceeds. On cross- 
section {E) they are seen to be composed of several layers of cells ; some of the cells 
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are tilled with oil globules D, o), w hile fi om other colourless cells rhizoids develop. 
Cells containing oil are also present in the mature thallus, and are of frequent occur- 
rence m all the Hepaticac. By means of the abundantly developed gemmae Mar- 
ch'tflttn is enabled to multiply vegetatively to an enormous extent. 

The sexual oigans, anthendia and archegonia, are borne on special erect branches 
of the thallus. The reproductive branches, w Inch are rolled together at the levvei 
end into a stalk, expand above into a profusely-branched upper portion. In this 
species, w Inch is dioecious, the anthendia and archegonia develop on different plants. 
The branches producing’ the male oigans terminate m lobed discs, which bear the 
anthendia on their upper, sides in flask-shaped depressions, each containing an 
anthendium (Fig 316, B). The depressions, into each of which a narrow canal 
leads, are separated from each other by tissue filled with air-chambers (The struc- 
ture of the anthendia and apeimatozoids is illustrated by Fig. 310 and the accom- 
panying description, p. 381.) 

The female branches terminate each m a nine-ray ed d isc (Fig. 317, A). The 
upper side of the disc, between the rays, is turned underneath in the piocess 
of growth, and, as the archegonia are borne on these portions, they seem to anse 
from the under side. The archegonia aie disposed m ladial rows between the rays, 
each low being enveloped in a toothed lamella or sheath (Fig 317, B, C, h , for 
structuie of the archegonia, see Fig 311, and description, p 382). 

The feitilised egg-eell gives rise to a multicellulai embryo (Fig. 311, C), and this, 
by fmther division and progressive differentiation, develops into a stalked oval 
spOROGOXirii. The capsule of the sporogomum is provided with a wall consisting 
of one layer of cells, and ruptures at the apex to let free the spherical spores 
The elvtees, or elongated, spirally thickened, fibre-cells formed m the capsules, 
between the spores, by the prolongation of definite cells, are characteristic of the 
Marchantias and most of the Liverworts The elaters are discharged from the 
ruptured capsule, together with the spoies, and serve for their dispersion in the 
same way as the capillitium of the Myxomycctes (Fig 317, E, F, G) The ripe cap- 
sule, before the elongation of the stalk, lemams enclosed m the archegonium wall 
{D, aw), which, for a time, keeps pace in its growth with that of the capsule As 
the stalk elongates, the archegonium wall or calyptia is broken through and remains 
behind, as a sheath, at the base of the sporogonium ( E \ c). The capsule is sur- 
rounded also by the pseudo-penantb, an open sac-like envelope which grows, before 
fertilisation, out of the shoit stalk of the archegonium (Fig 311, C, pr ; Fig 317, D, 
E, p) Similar envelopes occur m the higher Hepaticae , in which they constitute a 
true perianth, and are foimed of leaves. 

Order 3. Anthoeerotaceae 

The few forms included m this order have an irregular, disc-shaped thallus, which 
is firmly anchored to the soil by means of rhizoids. The antheridia anse, m gioups 
of two to four, by the division of a cell lying below the epidermis ; they remain en- 
closed in cavities m the upper side of the thallus until maturity. The archegonia are 
at first merely sunk in the upper surface of the thallus, but after fertilisation they 
become covered over by a many-layered w all formed by the overarching growth of 
the adjoining tissue.' This enveloping wall is afterwards ruptured by the elongating 
capsule, and forms' a sheath at its base The sporogonium consists of a swollen foot 
and a long, pod-shaped capsule ; it has no stalk. The capsule splits longitudinally 
into two valves, and has a central hair-like columella formed of a few rows of sterile 
cells (Fig. 318). The columella does not extend to the apex of the capsule, but is 
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surmounted by a nauow layei of spoiogenou* cell' Elater-s also oenu they are 
multicellular, variously shaped, and often forked The 'porogoma. unuke ti.o=e of 
all othei Hcpctt ictte, do not ripen simultaneously throughout their whole length, but 
from the tips downwards, and continue to elongate by 
basal growth after emerging from the arcliegonia. i 

On the under side of the tliallus, fissuie-hke openings Nil / j 
formed by the separation of the cells, lead into ea\ ities ill £ £~r J ^ 
filled with mucilage. Xostoa filaments penetrate into u I / // y''"" 
these cavities, and develop into endophytic colonies \ \\ I / / 


Order 4. Jungermanniaeeae 




-v* 1 

r 



Jr;! il 1 

r'f' y&f 


In the simplest forms of this order the tliallus ; 

broadly lobed, similar to that ot Marchuatia (r g . PlUa 

cpipkylhL , frequently found on damp ground) or^hke „ 

that of Pdcaa fluitans . , it is narrow and ribbon-shaped, ^/sporogormirn , r, coin- 
and at the same time profusely branched (e.g Mdign la mella. (Nat s^e) 
fureata , Fig 161, p. 149'i In othei forms, again, the 

broad, deeply-lobed thallus has an evident midnb, and its margins, as in the case of 
Blasia punlla (Fig 11, p. 14), exhibit an incipient segmentation into leaf -like 
membeis The majority of Judge 9 uwaairtctat, however, show a distinct segment- 
ation into stem and leaflets. The latter consist of one layer of cells without a 
midrib, and are inserted with obliquely dueeted laminae m two rows on each flank 
of the stem. Some species [e g. FruJhuna Taman set, a delicately branched 
Liverwort of a brownish colour occurring on locks and tree - trunks 5 have also 
a ventral row T of small scale -like leaves, amphigastna (Ficr 319, a) The dorsal 

; leaves are fiequenth divided into an upper and 

yC lowei lobe. In species gi owing m dry places, like 

P ie ^ 0llsl J Cl ted Frulhmta , the lower lobe is 
f^L i\W, M/ modified into a sac, and serves as a capillary watei- 

' Sw ^iL 11 1,1 'ylk „ Wf reservoir. The leaves regularly overlap each othei , 

they are then said to be succubuas , when the pos- 
\ terior edges of the leaves aie overlapped by the 

JPj antenor edges of those next below ^Fnillania^ Fig. 
319), or lacabous , if the posterior edges ot the 
leases oveilap the antenor edges of the leaves next 
'"mLsv) above {Plagwelula, Fig 12, p 14) 

V The branching stems ot the foliose Jvngcrman - 

maceae aie either prostiate or partially erect, and 
cu WS m consequence of the manner m which the leaves 

Fig 319 —Fart of a shoot of Frvl develop, present a distinctly doisivential appearance 
lama Tamm i&ti, seen from below The long-stalked spoiogomum is also charae- 

5 , Dorsal leaves with the lower fensbiQ 0 f this order ; it is already fully developed 

a, amplngastnum (x 36 ) before it is pushed through the apex of the arche- 

gomal w r all by the elongating stalk. It has a 
spherical capsule which on rupturing splits into four valves (Figs. 11, 12). K"o 
columella is foimed m the capsule , but in addition to spores it always produces 
elaters, -which by their movements while drying scatter the spores 

According to the position of the sporogonia, two sub-orders are distinguished 
(a) Anaorogynoics Jim germa nniaeccte — The sporogonia anse laterally, and aie 
situated on the dorsal side of the thallus or stem. They are encircled at the base 


Fig 319 — Fart of a shoot of Frvl 
lama Tamai ibti, seen from below 
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by an involucre, a sheath -like outgrowth of the thallus or stem (c.g. Blasia pusilla. 
Fig. XI;. 

(b, Act'ogyiiovs Jvngc rni a a a laceac . — Tins group includes only foliose foims (eg 
PhigiocJiiJti aspic aioirtes) Tlie sporogoma anse apically fiom the extiemities 
of the stem or its branches, and are surrounded by a perianth formed of special, 
characteristically-shaped leaves (Fig 12) The majority of the Jungeroianmaceae 
resemble the true Mosses ; they are small and grow on the ground or on tree-trunks, 
and m the tropics also on the leaves of forest plants. 


Class II 

Musci (Mosses) 

The profusely -branched protonema of the Mosses appears to 
the naked eye as a felted growth of fine, green filaments (Fig. 312). 
Buds are developed on the protonema, which grow by means of a 
three-sided apical cell, and give rise to Moss -plants, which always 
exhibit segmentation into stem and leaves The leafy Mosses may 
be readily distinguished from the foliose Jn n germanmaceae by the 
spiral arrangement of their small leaves, which are rarely arranged in 
two rows. In Mosses which have prostrate stems, the leaves, although 
arranged spirally, frequently assume a somewhat outspread position, 
and all face one way, so that in such cases a distinction between an 
upper and a lower side is manifested, but m a manner different from 
that of the Liverworts. 

The stem OP the Moss-plant is formed of cells which become 
gradually smaller and thicker -walled towards the periphery. In 
the stems of many genera (e.g Mmum , Fig. 159, p. 147) there is 
found a central, axial strand consisting either of elongated, conduct- 
ing cells with narrow lamina and devoid of protoplasm, or of such 
empty cells together with others filled with protoplasmic contents. 
These strands, which are not always present, may be regarded as 
incipient vascular bundles. They do not occur, for instance, in the 
genus Sphagnum, whieh grows in swampy places The stems of this 
Moss show a peculiar development of the outer cortical layers (Fig. 
320, C) The cells m these layers are devoid of protoplasm, and are 
m communication with each other and the atmosphere by means of 
large, open pores; to secure rigidity, they are also provided with 
spirally thickened walls. They have a remarkable power of capillary 
absorption, and serve as reservoirs for storing and conducting water. 

The leaves of the true Mosses have, as a rule, a very simple 
structure. They consist usually of a single layer of polygonal cells 
containing chloroplasts (Fig. 55, p 56; Fig. 72, p. 68), and are 
generally provided with a conducting bundle of elongated cells. The 
leaves of the Bog Mosses (Sphagnaceae) have no bundles, and instead 
are supplied with capillary cells for the absorption and storage of 
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water. These cells are devoid of protoplasm, and are similar to those 
m the periphery of the stem, hut larger and more elongated , their 
walls, which are perforated, are strengthened by transverse thickening 
bands (Fig. 320, A, B). Between them are other elongated, reticulately 
united cells containing chloroplasts. A similar differentiation of the 
leaf cells occurs in a few other Mosses (*• >j Leucobi yum vulgare) 

A more complicated structure of the leaves resulting from their 
adaptation to the absorption of water is exhibited by Polytnrhum 
commune In this Moss the leaves develop on their upper surface 
numerous, crowded, vertical lamellae, one cell thick ; these contain 
chlorophyll and function as assimilatory tissue, while the spaces be- 



Fig 320 — A , Surface view of a portion of a leaf of i>p7irtqnnm cgnihifAiina (x 300), B, part of a 
transverse section of a leaf of Sphagnum fimhnatjm , ce, cell containing chlorophyll, 
v% capillar j cell , r, thickening hands ; l , pore , C, part of a trans\er$e section of the stem of 
Sphagnum i g nib t folium , c, central cells , sclerenchymatous cortical cells, ?'% capillary cells 
with poies (l) , epidermis (x 120 ) 

tween the lamellae serve as reservoirs for the storage of water. In a 
dry atmosphere the leaves fold together, and thus protect the delicate 
lamellae from excessive transpiration 

The rhizoids (Fig. 321, B), each of which consists of a single row 
of cells, spring from the base of the stem. In structure they resemble 
the protonemata, into which they sometimes become converted, and 
then give rise to new Moss-plants. 

The sexual organs are always borne in groups at the apices 
either of the main axes or of small, lateral branches, surrounded by 
their upper leaves ; each group with its involucral leaves constituting a 
receptacle. The anthendial and archegonial receptacles are sometimes 
inappropriately referred to as Moss flowers, but they have nothing in 
common with the true flowers of vascular plants ; the involucral leaves, 
which frequently have a distinctive structure, are also known as the 
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peeich^etia. Between the sexual organs there are usually present a 
number of multicellular hairs or paraphyses The Moss-plants may be 
monoecious, in which case both kinds of sexual organs are borne 
on the same plant either in the same or di ffere nt receptacles ; or 
dioecious, and then the antheridia and archegonia arise on different 
plants. 

The sporogonium of the Mosses develops a capsule with an axial 
columella consisting of sterile tissue. The spore-sac surrounds the 
columella, which accumulates food material and water for the develop- 
ing spores, platers are never formed. Distinctive variations m the 
mode of development and structure of the capsules are exhibited by 
the four orders of the Musci : Sphagnacecie, Ancb eaeaceae, JPhascaceae, and 
Bryime. 


Order 1. Bryinae * 

In this order (termed also Stegocarpae), which includes the majority of all the 
true Mosses, the Moss fruit attains its most complicated structure. The ripe 
SPOE.OGONIUM, developed from the fertilised egg, consists of a long stalk, the seta 
(Fig. 321, J3, s), with a foot at its base, sunk m the tissue of the mother plant, 
and of a capsule (k), w hicli in its young stages is surmounted by a hood oi calyp- 
tra (A, c ). The calyptra is thrown off before the spores are ripe. It consists of 
one or two layers of elongated cells, and originally formed part of the wall of the 
archegomum which, at first, enclosed the embryo, growing m size as it grew, until, 
finally ruptuied by the elongation of the seta, it was carried up as a cap, covering 
the capsule. In the Liverworts the calyptra is, on the conti ary, always pierced by 
the elongating sporogomum, and forms a sheath at its base. The upper part of 
the seta, wheie it joins the capsule, sometimes becomes distinctly enlarged and is 
then termed the apop hysis. In Maium it is scaicely distinguishable, hut m 
Polytrichum commune it has the form of a swollen nng-like protuberance (Fig 323, 
cip), while in species of Splachnum it dilates into a large cushion-like structure 
of a yellow or red colour, upon which the capsule appears only as a small piotuber- 
ance The upper part of the capsule becomes converted into a lieLor operc ulum 
(Fig 321, cl), which is sometimes drawn out into a projecting tip. At the margin 
of the operculum a narrow zone of epidermal cells termed the ring or A^yjjrLUS 
becomes specially differentiated. The cells of the annulus contain mucilage, and 
by their expansion at maturity assist greatly m throwing off the lid. tn most 
stegocarpous Mosses the mouth of the dehisced capsule bears a fringe, the peri- 
stome, consisting usually of tooth-like appendages. 

The peristome of Mnium liornum (Fig. 321, C, p) is double ; the outer peristome 
is formed of 16 pointed, transversely striped teeth (D) inserted on the inner 
margin of the wall of the capsule They are strongly hygroscopic ; opening m 
dry weather, they allow of the dispersion of the spores, while m -wet weather they 
close again and shut m the spore masses. The inner peristome lies just within the 
outer, and consists of ciha-like appendages, which are ribbed on the inner side and 
thus appear transversely striped ; they coalesce at their base into a continuous 
membrane (J57). Two cilia of the inner peristome are always situated between each 
two teeth of the outer row. The cilia facilitate the dissemination of the spores 
by their hygroscopic movements 

The teeth and cilia of the peristome are formed m this instance of thickened 
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portions of the opposite walls of a single layer of cell* next to tn< opfn \±uiu Fig 
322;, the teeth from jiortions of the external wall, and the cilia from portion- of 
the internal walls of the same layer. On the opt mug of the capsule the mi- 
thickened portions of this layer bleak away and the teeth and cilia split apart 
The transversely ribbed markings on their surface indicate the position o t th*- 
former transverse walls. 

The structure of tlie peristome varies greatly m different specie* of Bnjttu* + 



Fig 321 — Mmum Imrmnv A, A plant With sporo- Fig 322 — JUiuiuh fton'iiui Transveise set 
gomum still bearing a cal\ ptra (l) , I), a plant with tion through the wall of the capsule m 

ripe sporogomum , s, seta , 1, capsule , d , oper- the region of the ring , c, ce\U of the 

culurn^ rh , rhizoids , C, mature capsule With ring 1-4, successive cell lajers with 

operculum (d) removed, xienstome , D, two the thickened masses of the inner and 

peristome teeth of the outer row , T, part of outer per stome , t J\ if, iV transv erse 

muer peristome (-4, B , liat size , V x d , D, E projecting ribs of the coalesced cilia * 

X5S) (>240) 

By its peculiar form and hygroscopic movements the peristome causes a gradual 
dissemination of the spoies horn the capsule 

The central axial portion of the capsule is occupied by the large-celled roLr- 
mella, It is completely surrounded by the spoiogenou* tissue, the so-called spore- 
sac, which is separated from the wall of the capsule and sometimes also from the 
columella by loose assimilatoiy tissue Stomata occur m the epidermis of the 
capsule. The Moss fruit, m conformity with its anatomical structure, takes part m 
‘assimilation It ripens slow ly outside the arehegonium, while the sporogomum 
of the Liverworts remains enclosed within it until maturity* 
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Variations in the form of the capsule, peristome, operculum, and ealyptra 
afford the most important means of distinguishing the different genera The 
Brvinac are first divided into two sub-orders, according to the position of the arche- 
gonia or of the sporogoma developed from them. 

(а) Brymae acrocarpac. — The archegoma, and consequently the sporogoma, are 
terminal on the main axis. J Jmuai hornum, the species referred to above (Fig 
321;, belongs to this group ; it grows in damp places, in woods and at the base of 
roekv cliffs. Polytnchun i co uirnunc. a common acrocaipous Moss, which is found 
abundantly m high latitudes, has a stem often several decimetres long (Fig. 323). 
The four-sided grooved capsule is borne on a long stalk, with a ring-like apophysis, 
and is almost completely encased by the biown felted ealyptra. The peristome 
is single and consists of 32 teeth Funana hygrometnea, another very familiar 
example of the Aerocarpae, is found growing on the ground and on walls The 
leafy stems of this species are very small , the oblique capsules are pear-shaped 
and raised upon a long hygroscojuc seta, which becomes spirally twisted "when 
dry, but straightens again if moistened Schistostcga osmundacea, a moss living m 
caves, has fertile shoots, which have spirally arranged leaves and hear stalked 
capsules devoid of peristomes, and also other shoots that are sterile, with two rows 
of leaves (Fig. 324, A, B). The protonema of this species gives out an emerald 
light (p. 223) Its branched filaments place themselves in a plane perpendicular 
to the incident rays of light, so that the cells, which are disc-shaped, projecting 
conically on the under side, reflect the light m the same way as a reflecting mirror 
(Fig. 325). 

(б) Brymae pleurocnrpae — The growth of the main axis is unlimited, and the 
archegoma with their spoiogoma arise on short, lateral branches (Fig. 326) In 
this group are included numerous, usually profusely branched species of large 
W ood Mosses belonging to the genera Hyloccmiium, Neckera, and Sypnum, and 
also the submerged Water Moss, Font mahs ctntipyretica. 

Order 2. Phaseaceae 

To the Phaseaceae (C last o ear pae) belong small Mosses with few leaves growing 
on the soil ; they retain their filamentous protonemata until the capsules axe ripe, 
and have the simplest structure of all the Mosses (Fig. 327). The hooded capsule is 
terminal and has only a shoit stalk It does not open with a lid, but the spores 
are set free by the decay of its walls. 

Order 3. Andreaeaeeae 

The Andreaeaeeae ( Schizocarpae ) comprise only the one genus, Andreaea, small, 
brownish csespitose Mosses growing on rocks. The sporogomum is also terminal 
in this order The capsule, at first provided with a ealyptra, splits into four longi- 
tudinal valves, which remain united at the base and apex (Fig. 328). The stalk is 
short, and is expanded at the base into a foot {Sp>f), which in turn is borne on a 
pseudopodium (ps), a stalk-like prolongation of the stem resulting from its elonga- 
tion after thie fertilisation of the archegonium. 

Order 4. Sphagnaeeae 

The order of the Sphagnaceae, or Bog Mosses, includes only a single genus, 
Sphagnum. The Bog Mosses grow in swampy places, which they cover with a 
thick carpet saturated with water. The upper extremities of the stems continue 
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their grow tli fioui year to year, while the lower poitions die away and become 
eventually converted into peat. Of the numerous lateral branches arising 
from each of the shoots, some grow upwards and form the apical tufts or heads 
at the summits of the stems , others, winch are more elongated and flagelliform 
m shape, turn downwards and envelop the lower portions of the stem (Fig 329, 
A). Every year one branch below the apex develops as strongly as the mother 
shoot, so that the stem thus becomes falsely bifurcated By the gradual death 
of the stem from below upwards the daughter shoots become separated from 
it, and form independent plants. Special branches of the tufted heads, either 



Fio 329 — Sphag n u in fivib n atum A, A shoot with four ripe sporogoma Sphagnum acutifolvum 
H, Archegomum with the multicellular emliryo of the spoi ogomum era , C, a j oung sporo- 
gonmm in longitudinal section ,ps, pseudopodinm , ca, archego n lal v all or ealyptra , ah, neck of 
archegomum , spf, foot of spoi ogomum , l, capsule , co, columella , spo, spore-sac with spores , 
E, ruptured antheridium with escaping spennatozoids , F, single sperinatozo^d, highly 
magnified, Sphagnum squmrt osum D, A lateral shoot with a terminal sporogomum , ca, 
ruptured ealyptra , d, operculum (After W P Schimper , A, nat size ; the other figures 
magnified ) 

on the same plants (monoecious) or on different stocks (dioecious), are distinguish- 
able by their different structure and colour ; on these the sexual organs are pro- 
duced. The male branches give rise, near the leaves, to spherical stalked antheridia, 
which open at the apices by means of retroflexmg valves, and let free the spirally 
twisted spennatozoids (Fig. 329, E, F) The archegonia are borne at the tips of 
the female branches. After fertilisation, the multicellular embryo of a sporogonium 
(2?) is produced from the egg-cell. The sporogonium develops a short stalk with 
an expanded foot (£7), but remains for a time enclosed by the archegonial wall or 
ealyptra. Upon the rupture of the archegomum, the ealyptra persists just as m 
the Hepatieae at the base of the sporogonium. The capsule is spherical and has 
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a. dome-shaped columella, which m turn is o\ erarched by a liemisplirr.cal -pore— at 
(sjio) , it possesses an opeiculum, but no jienstome. The npe sporogomum hke 
that of Andrea ea, is borne upon a prolongation of the «tem avis, the p-tudopodiuni, 
•which is expanded at the top to receive the foot of the stalk. Of the peculiai 
structure of the leaves and stem cortex a description has already been given (p. a 90;. 


III. PTERIDO PH YTA (VASCULAR CRYPTOGAMS) 


The Pteridophytes include the Ferns, "Water-Ferns, Horse-tails, 
and Club Mosses, and represent the most highly developed Cryptogams 
In the development of the plants forming this group, as in the Bryo- 
jahytci, a distinct alternation of generations is exhibited. The first 
generation, the sexual, bears the anthendia and archegonia j the 
second, the asexual, develops from the fertilised egg and produces 
asexual, unicellular spores. On germination the spores in turn give rise 
to a sexual generation. Both the sexual and asexual generations 
of the Pterklophyta present marked variations in the mode of their 
development. 

The sexual generation is termed the prothallioi or game- 


tophyte. In some forms it never reaches any great size, being at most 
a few centimetres in diameter ; it resembles in appearance a simple, 


thalloid Liverwort ; it 
then consists of a small 
green thallus, attached 
to the soil by rhizoids 
springing from the under 
side (Fig. 330, A). At 
other times the pro thal- 
lium is branched and 
filamentous , sometimes it 
is a tuberous, colourless 
mass of tissue, and parti- 
ally or wholly buried in 
the ground, leading a 
saprophytic existence, 
while” in certain other 



divisions of the Pterido- 
johyta it undergoes reduc- 
tion and remains more or 
less completely enclosed 


Fig $30 — Aspahutn jilix mas* A 9 Prothallium seen from 
below , rn, arcliegoma; an, anthendia; ih, rhizoids, JJ, 
prothallium with young Fern attached to it by its foot , 
b, the tirst leaf , w, the primary root ( >: circa $*) 


within the spore. On the prothallia arise the sexual organs, anther- 


ldia producing numerou s ciliate, u sually spira l spe rmat ozoids, and 
archegonia, in each of" whicK'TSHa ^single egg-cell, its in the Mosses 
the presence of water is necessary for fertilisation. 

After fertilisation the egg-cell develops into a multicellular embryo, 
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which becomes the asexual generation, as in the Biy&phyta. The 
Bryophyta and Pterulophyta have accordingly been classed together as 
-Embt yophyta by Engler, and termed Ernhyophyta zokliogamci, because 
the male cells are developed as spermatozoids. 

The asexual generation or sporophyte is represented by a plant 
possessing a highly differentiated internal structure, and externally 
segmented into stem, leaves, and roots In the majority of Ptendo- 
phvtes, the, fertilised egg-cell, while still in the archegonmnj „(Fig. 
339), surrounds itself with a cell wall and undergoes division, first 
into two cells, by the formation of a transverse or basal wall^and then 
into octants by two walls at right angles to each other and to the 
basal wall. By the further division of these eight cells the half above 
the basal wall gives rise to the tissues of the_ stem_apex and the first 

leaf, while from the 
half below the basal 
wall, is produced the 
primary root, andean 
organ peculiar to_Jbhe, 
Ptendophytes, the so- 
called Fqot (Fig. 331,, 
A, B). Th e fo ot is 
a mass of tissue^ by 
means of w5icE~~the 
young embryo remains 
attached to the parent 
prothallium and ab- 



Fig 331 —A, Pt€) is sen ulafa , embryo freed from the archegonium, sorbs nourishment 
m longitudinal section (after Kiexitz Gerloff) I, basal -wall , ? *, ~ "h 

II, transverse wall dividing the egg-cell into quadrants, rudi- Until, Dy tile 

inent of the foot/, of the stem s > of the first leaf of the root development of its Own 
wM, .ect.on of a further-developed embrjoof Pteris omnium roo ts and leaves, it IS 
(after Hofmeisteb) , foot still embedded m the enlarged , * i *j. ij? 

ventes of the archegomum aw , £>/, protlialliiini (Magnified) &bi6 to HOUriSIl itsclt 

independently. The 

prothallium then usually dies The stem developed from the 
embryonic rudiment may be either simple or bifurcated, erect or 
prostrate ; it branches without reference to the leaves, which are 
arranged spirally or m whorls, or occupy a dorsiventral position 
Instead of rhizoids, true roots are produced, as in the Phanerogams. 
The leaves also correspond in structure with those of the Phanero- 
gams. Stems, leaves, and root are traversed by well -differentiated 
vascular bundles, and the Pteridophytes are, in consequence, designated 
Vascular Cryptogams. The bundles, which as a rule have the same 
structure throughout the whole group, are constructed after a special 
type (cf. pp. 104, 114, and Figs. 121, 127, 128). Secondary growth 
in thickness, resulting from the activity of a special cambium, occurs 
only occasionally in existing forms, but it was characteristic of the 
‘ stems of certain extinct groups of Pteridophytes. 
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The SPORES are produced vegetatively in special receptacles termed 
sporangia, -which occur on the asexual generation, either on the leaves, 
or less frequently on the stems in the axils of the'leaves. The spon- 
ferous leaves are termed SPOROPHYLLS The sporangium consists of a 
wall composed of several layers of cells enclosing the sporogenous tissue, 
the cells of which, becoming rounded otf and separated from each other as 
spore mother-cells, give rise each to four tetrahedral spores (spore-tetrads). 
The cells of the innermost layer of the sporangial wall are rich in 
protoplasm, and constitute the tapetoi. In the course of the 
development of a sporangium the walls of the tapetal layer become 
dissolved. The tapetal cells then wander in between the spore 
mother cells, so that the spores eventually lie embedded m a muci- 
laginous protoplasmic mass, the periplasm, from which they derive 
nourishment. Only the outermost layer of the wall is retained by the 
mature sporangium. The spores are all unicellular. Each spore has 
a wall composed of two coats, an exine, which is cutimsed, and an 
INTINE, consisting of cellulose. The spores of certain Pteridophytes 
are invested by a second specially differentiated outer coat, the per- 
INIUM, which is divided from the protoplasm of the tapetal cells. 

The spores of the majority of the Pteridophytes have all the same 
structure, and give rise on germination to a prothallium, which pro- 
duces both antheridia and archegoma. In certain eases, however, the 
prothallia are dioecious. This separation of the sexes extends in 
some groups even to the spores, which, as macrospores, developed 
in MACROSPORANGIA, give rise only to female prothallia ; or as MICRO- 
SPORES, which are produced in microsporangia, develop similarly 
only male prothallia. In accordance with this difference in the spores, 
a distinction may be made between the homosporous and hetero- 
sporous forms of the same group ; but this distinction has no 
systematic value in defining the different groups themselves, as it is 
manifested to an equal degree in groups in other respects quite 
distinct. 

Compared with the Bryophyta, the asexual cormophvtic generation 
of the Pteridophytes corresponds to the sporogonium, the prothallium, 
on the ''other hand, to the Moss-plants with its protonema ; although 
both groups may have originated phjdogenetieally from a common 
ancestor, they have followed altogether different directions m the 
course of their further development. The correspondence m the 
structure of their sexual organs, in particular, points to the existence 
of a relationship between them ; on the other hand, their asexual 
generations exhibit the greatest disagreement, so that it would not 
seem admissible to regard the asexual generation of the Pteridophytes 
as derived from the sporogonium of the Mosses, although it is 
manifestly homologous with it. 

The existing Ptendophyta are classified as follows — 

1. Filicinae. — Ferns, stem simple or branched, with well-developed, 
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alternate, often deeply divided or compound leaves. Sporangia either 
on the under side of the sporophylls, united in sori or free, or enclosed 
m special segments of the leaves. 

Order 1 Filices — Ferns, in the narrower sense. Homosporous. 

Order 2. Hydroptendeae. — Water-Ferns. Heterosporous. 

2. Equisetinne — Horse-tails, stem simple or verticillately branched, 
with whorled, scale-like leaves forming a united sheath at each node. 
Sporophylls shield-shaped, bearing the sporangia on the under side, and 
aggregated into a cone at the apex of each fertile shoot. 

Order 3. Eqidsetaceae. — Horse-tails Homosporous. 

3 Lycopodinae — Club Mosses Stems elongated, diehotomously 
branched, either forked or forming a sympodium, with leaves, m 
many cases greatly reduced, or shortened and tuberous with awl- 
shaped leaves Sporangia arising singly m the form of firm-walled 
capsules either from the stem, in the leaf-axils, or from the leaf-base. 

Order 4. Lycopodiaceae . — Club Mosses. Homosporous. 

Order 5. Selaginellaceae . — Heterosporous. 

There are also various fossil groups, some of which are included 
in the above divisions, while some form independent orders. 


Class I 

Filieinae (Ferns) 

Order 1. Filiees 

The Fihces (True Ferns) constitute the larger part of the Vascular 
Cryptogams. They comprise a large number of genera with numerous 
species, being widely distributed m all parts of the world. They 
attain their highest development in the tropics The Tree-Ferns 
( Cyathea , Alsophila , etc.), which include the largest representatives of 
the order, occur in tropical countries, and characterise the special 
family of the Oyatheacecie. The stem of a Tree-Fern is woody and 
unbranched ; it bears at the apex a rosette of pinnately compound 
leaves or fronds, which are produced in succession from the terminal 
bud, and leave, when dead, a large leaf scar on the trunk. The stem 
resembling that of a Palm in habit, it is attached to the soil by means 
of numerous adventitious roots. 

The majority of Ferns, however, are herbaceous, and possess a 
creeping rhizome, terminating usually in a rosette of pinnate or deeply 
divided leaves Such a habit and growth are illustrated by the common 
Fern Aspidium filix mas, the rhizome of which is officinal. 

. When young, the leaves (fronds) of this Fern are coiled at the tips 
(Fig 332, 1, a), a peculiarity common to the Ferns as a whole, and to the 




ItT ^Pidumjih r mas l , Illustration exhibiting general habit , a uung ku\ es 2 tran«vei « 

„ a, ^ ;fi;sr„r.hs , , ;;X um 

oS/vTz) ’ sporangium , «, stalk, c, annulus, d, spores 'Alter Uo^mc 
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Water-Fern?. Unlike the leaves of Phanerogams, Fein leaves continue 
to grow at the apex until their full size is attained. The leaves of 
the common Pohjpo<Hum mlgare are pinnate, and spring singly from 
the upper side of the branched rhizome, which creeps amongst Moss 

or on rocks. In other cases the leaves may be 
simple and undivided, as in the Hart’s-Tongue 

i /y' 1 Fern, Scot opendr him nilgai e, at one time officinal 

and designated Heiba linguae ceivmae (Fig. 333). 
^ In the tropics many herbaceous Ferns grow 

as epiphytes on forest trees. Peculiar brownish 
ri scales {paleae, i amenta), often fringed and consist- 
ing of a single layer of cells, invest the stems, 
M petioles, and sometimes also the leaves of most 
I Ferns (Fig. 113, p. 98). 

■ 1 1 The sporangia are generally produced in large 

I ) numbers, on the under side of the leaves. The 
sporophy 11s, as a rule, resemble the sterile, foliage 
leaves In a few genera a pronounced lietero- 
phyll is exhibited, thus, in the Ostrich Fern, 
Struthiopteris gennanica, the dark- brown spoxo- 
phylls are smaller and less profusely branched, 
standing m groups in the centre of a rosette of 
large foliage leaves. 

In the different families, differences in the 
mode of development, as well as in the form, 
position, and structure of the SPORANGIA, are 
manifested. 

The sporangia of the Polypodiaceae, in 
Fig s^-scoinpu>d,ua,i which family* the most familiar and largest num- 
tabjme (i nut size) ber of species are comprised, are united m groups 

or so RI on the under side of the leaves, at the ends 
of or between the branches of the nerves. They are borne on a cushion- 
like projection of tissue termed the receptacle (Fig. 332, 5), and in 
many' species are covered by a protective membrane, the indusium, 
which is an overgrowth of the tissue of the leaf (Fig. 335, 3-5 , 
Fig. 334, A, t). Each sporangium arises by the division of a single 
epidermal ...cell, and consists, when ripe (Fig. 334, B-E), of a capsule 
attached to the receptacle by a slender multicellular stalk, containing 
a large number of spores with a ribbed or warty thickened exine 
(Fig 334, F ). The wall of the capsule is formed of a single layer of 
cells. A row of cells with strongly thickened radial and inner 
walls, extending from the stalk over the dorsal side and top to the 
middle of the ventral side of the capsule, are specially developed as a 
ring or annulus, by means of which the dehiscence of the sporangium 
is effected. Through the contraction, on loss of water, of the thin 
outer walls of the cells composing the ring, it springs backwards, and 


Fig 8 &) — s colnpuiduam 
uibjrtie (£ nut size ) 
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produces a transverse rupture of the capsule between the broad cello 
at its extremity (Fur. 334, E) It then returns suddenly to it' original 
position, only once more to uncoil until it assume* a nearly vertical 
position. 

The form and insertion of the son, the shape of the indusium 
when present, or its absence, all constitute important criteria for 



Fig 334 — Seal ope nth nth* tvhjai* -i 3 Part of a bectiou tliiou^li the feitile portion of a leaf, 
mtliisjium, srj 9 sporangia B-E, Mpoiautna, m lateral (JJ, £), dorsal (D), and central (t) \ie\\ , 
i, a spore (A x 50 , B-h * 145 , F 540 ) 


distinguishing the different genera. The soii of Sculopendnuni (Fig. 
333) aie linear, and covered with a lip -shaped indusium con- 
sisting of one cell-layer. They are so disposed in pairs, on different 
sides of every two successive nerves, that they appear to have a 
double indusium opening in the middle (Fig. 334, A ). In structure 
the mdusium resembles the epidermis, but the stomata aie absent, and 
the chromatophores are colourless. In the genus Aspuhum , on the 
other hand, each sorus is orbicular in form and covered by a peltate 
or reniform indusium attached to the apex of the placenta The sori 
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of Pohjpodimn vulgaie are also orbicular, but they have no indusia. In 
the common Brake, Plena aquihna , the sporangia form a continuous 
line along the entire margin of the leaf, which folds over and covers 
them with a- false mdusium. 

The &poiangiu of the Cyatheaceae , to 'which family belong principally the tree- 
like Ferns, are characterised by a complete annulus extending obliquely over the 
apex of the capsule (Fig* 335, B) The Hy mcnophyllaceae , often growing as 


A BO 

Fin 835 — Sporangia (nijigiulied) A , Of Osmunda legalts, dorsal Mew (after Lujsrssen) , B, of 
Alsophila rcoiptn , C 9 of Anemia rutaefolia. (After Martilts ) 

epiphytes on Tiee-Ferns, have also sporangia, with a complete, oblique, or horizontal 
annulus* The sporangia of the Sehizaeaccae , on the other hand, have an apical 
annulus (Fig 335, G ’), w lule in the Osmundaccae, of w hich the Royal Fern, Osmunda 
icgctl is , is a familial example, the annulus is represented merely by a group of thick- 
walled cells just below the apex of the sporangium (Fig 335, A). 

Ferns, like those just referred to, in which each sporangium is 
developed from a single epidermal cell, are classed together as Filices 
leptosporangudae, in distinction to the Eusporangiatae, in which the 
sporangia take their origin from a group of epidermal and underlying 

cells. The Eusporangiatae comprise the 
two families MarctUiaceae and 
glossaceae 

The Mctrattiaceae are tropical Ferzs, with 
thick, tuberous steins and gigantic fronds, each 
with two stipules at the base Their matuie 
sporangia" are piovided with a stiff and firm 
many-layeied wall, and aae either free (Angi- 
apte? is), or all the sporangia of a sorus are 
united in an oval, capsule-like body, divided 
into a corresponding number of chambers 
(Fig 336). 

The Oplaoglossaceae include but few species. 
Examples of this family are afforded by Ophio- 
glossfpi vulgafum. Adder’s Tongue, and Boh yehiuvi, Moonwort (Fig 337) Both 
have a short stem, from which only a single leaf unfolds each year The leaves 
m both cases are provided with leaf-sheaths, and peculiarly divided into fertile 





Fig* 33G — MoratUa laevts Sporangia! 
sorus , A seen from the side , B 
opened, showing the chambers* (x 
12 ) 





si:o r. i 


CRYPTOGAMS 


and sterile segment-. In tbe -ttni“ li.it-.w-* -< giuei.t 

shaped, the feitiie -ogmeut naiuro and cjlmdr.ci’, heir tig tl < -no t.»n 
rows sunk m the tie-ac. The stetile portion ol* t ! e leaf ni 
Boft'i'climtt » is pinnate, n Pile the tlitih '<'_,nietit i~ in- 
nately blanched, and thickly beset on the :nnu -irlt* with - 

large nearly sjtheiieal spoiangia |y 




All the membeis of the Films are homosporous 
The PROTHALLIUM has usually the form of a fiat. % 

heart-shaped thallus (Fig. 330 ), bearing the anther- i 

ldia and archegonia on the under side ; but m AQ / 
Boiiychmm it is represented, on the contrary, by a 
small subterranean tuberous body which is sapru- V^rvJ 
phi’tic, and produces the sexual organs on the y\\ \ 
upper side. In certain Hyhtcmplujllo^m (Tn- '-^'\Cr 

rhomanesjFon. the other hand, the prothalhum is * 

filiform and branched, resembling in structure the ,1 

protonema of the flosses, and producing the 1 

antheridia and archegonia on lateral branches | 

The antheridia and ARCHEGONIA ai e similarly j I 

constructed m nearly all Ferns; those of Poly- II 

jjodmm tubjme (Figs 33S, 339) may serve as a '!/' 

type. The antheridia are spherical projecting \j| 

bodies (Fig. 338, A, j>), arising on young pro- (1 

thallia by the septation and further division of m 

papillse-like protrusions from single superficial 11— ^ 

cells. When mature, ~ 

each antheridium v 

* consists of a central v 

/_y~ j cellular ca\ity, filled 
> \ \ if ; with spermatozoid 

mother-cells, and en- Fl( JJ7 

closed by a wall c. nat -uze ) 

^ 1 formed of two nng- 

- ‘ shaped cells (A, 1, 2) and a lid-eell (3). 

The spermatozoid mother-cells are pro- 
\vV ^ duced by the division of the cential cells. 

C f Jt They are discharged from the antheridium 

Fig 33S -Poh u ;oduna inigen ' a, b y the pressure exerted by the swollen 
Mature, s, dischaige.1 anthen- rmg-cells. and the consequent rupturing 
diuui , p, nrutliallimu cell , 1 and q£ the l ld . ce H. Eacll mo ther-Cell thus 
2, img-sliaped cells , 3, lid-cell, C, . . . . , , - 

a speiuiato/ioid in motion , d, one ejected liberates a spirally coiled sperma- 
fixed with iodine solution ( a , b tozoid. The anterior extremity of the 
''"’O’ L ’ u ' " ,4<1 } spermatozoid is beset with numerous 

cilia, while attached to its posterior end is a small vesicle which con- 
tains a number of granules, and represents the unused remnant of 
the contents of the mother-cell (Fig 33S. J D, C : Fig. 70, _B, p 67) 


s-V ^f'<T7a 


\r 


jPi< t5J7 — H**tt 2ji In tint Lb it- 

a, ut (2 nat ) 


V <P-I 


Fig 33S 


- Fobqiodutjji mlgan 
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The arehegoma arise from the many -layered median portion of 
older prothallia. They are developed from a single superficial cell, 
and consist of a ventral portion, embedded in the prothallium, and a 
neck portion. The neck, which projects above the “surface of the 
prothallium, consists of a wall composed of a single layer of cells 
made up of four cell rows (Fig. 339, A, B ) , it encloses a central row 
of cells, the neek-canal-cells 



Fig 330 — Polupoilnihi i ifhjmn A , Young aiehegomum not vet open ; K' 3 neck-canal-cell , 

/v", \entral canal-cell , o, egg-cell , mature archegomum, open, (x 240 ) 

The ventral portion comprises the large egg-cell and ventral canal- 
cell immediately above it. As the archegomum matures, the canal-cells 
become., disorganised, and fill the canal with a strongly refractive 
mucilaginous substance This swells on the admission of water, and 
rupturing the neck at the apex is discharged from the archegomum, 
which is now ready for fertilisation. By means of an acid excretion 
(malic acid) diffused in the surrounding water the spermatozoids are 
attracted to the archegomum, and penetrate to the egg-cell After 
fertilisation of the egg by one of the spermatozoids, the egg-cell sur- 
rounds itself with a cell wall, and without entering upon a condition of 
rest develops into the embryo of the asexual generation, as already 
described (p. 398, Fig 331). 

Officinal. — T he only representative of the Ferns is Asjndntm film 
mas (Rhizoma filicis). 

Order 2. Hydropterideae (Water-Ferns) 

The Water-Ferns include only a few genera, which are more or less 
aquatic in habit, growing either in water or marshy places. The macro- 
and microsporangia do not develop, like those of the Filices, on the 
under side of thejeayes, But” are enclosed in special receptacles atjbheir 
"base, constituting sporangial fructifications or sporocarps. To designate 
this order Blnzocarpcte, as was formerly the custom, is not appropriate, 
as the sporocarps do not arise on the roots, but always on the leaves. 
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The Water-Ferns are divided into two families, 

Salriniacecit. each of which includes two genera 

Marnhueeae. — Of the two genera beloncjintr to 
more important is the genus Mamdbt, com- 
prising about fifty species, of which M. 
ijuadrifoliata (Fig. 340) may be taken as an 
example. This species grows in marshy 
meadows, and has a slender, creeping, 
branched axis, bearing at intervals single 
leaves. The young leaves are coiled at the 
tip (circinate ) ; in this respect the leaves of 
the Marsihttceae exhibit the same mode of 
growth as those of the Ferns Each leaf 
has a long erect petiole, surmounted by a 
compound lamina composed ot two pair of 
leaflets inserted in close proximity The 
stalked oval sporocarps (s) are formed in 
pairs above the base of the leaf-stalk, or m 
other species the}* are more numerous , they 
represent a fertile leaf-segment correspond- 

v ing to the biju- 
* gate sterile leaf 
lamina. The 
sporangia, 
united in sori, 
are enclosed 
within the cap- 
sule, disposed 
in two rows jn_ 

correspondingly arranged^ cavities ; in the 
young fruit each chamber opens outwards 
on the ventral side by means of a narrow 
canal, which eventually becomes closed. 
The sporangia are developed originally, as 
in the Fern, from superficial cells, but 
become arched over by the surrounding 
tissue, and thus subsequently appear as if 
formed m internal chambers 

Pilulcuia, the second genus included 
in this family, grows also in bogs and 
marshes. It differs from i ) Iarsilici in its 
simple linear leaves, at the base of which 
occur the spherical sporocarps, which 
arise singly from the base of each sterile leaf-segment (Fig. 341) 

Salvimaceae. — This family contains only free - floating aquatic 
plants belonging to the two genera Salvinin and Azolla . In Salvinia 


\ 
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J40 — Ma i 'ttlm *i no cl * iful ,eia 
Young leaf, s, spmoearps 
(After Bi&rHuiF, reduced ) 
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Fig 341 — Pihilana globuUjem % 
Sporocarp. (After Bischoff, le- 
duced ) 
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nn ten*, as representative of the first genus, the spaungly branched 
stem gives rise to three _ leaves at each node The two upper leaves 
of each whorl are oval in shape, and developed as floating foliage 
leaves , the third, on the other hand, is submerged, and consists of a 
number of pendent filamentous segments which are densely covered 
with hairs, and assume the functions of the missing roots. The 
sporocarps have an entirely different mode of development from that 
of the il Iiusilieeeiu : they are spherical, and are borne m small groups 
on the submerged leaves at the base of the filamentous^ segments 
(Fig 342). The sporangia are produced within the sporocarp from 
a column-like receptacle, which corresponds m origin to a modified 
leaf -segment. The envelope of the sporocarp is equivalent to an 
indusium ; it arises as a new growth m the form of an annular wall, 



Pif r 342 — ’Stflanai luibni^ A, feeen from the side , i>, from abo\e (aftei Bi^choft, reduced), t\ 
an embryonic plant, macrospore, p, piotlnillmm , n, stem, hj, &>, the first three 

leases , b ls the so-called scutifoim leaf (After Prusg^h* m, x lo ) 

which is at first cup-shaped, but ultimately closes over the receptacle 
and its sorus of sporangia. 

The second genus, Azolla, is chiefly tropical, represented by small 
floating plants profusely branched, and beset with two-ranked closely 
crowded leaves. Each leaf consists of two lobes, of which the upper 
floats on the surface of the water, while the lower is submerged A 
small cavity enclosed within the upper lobe, with a narrow orifice 
opening outwards, is always inhabited by filaments of an Alga 
( Anabaena ). From the fact that hairs grow out of the walls of the 
cavity between the algal filaments, the existence of a symbiotic rela- 
tion between the two plants would seem to be indicated Unlike 
Salvinia , Azolla possesses true roots developed from the under side of 
the stem. The sporocarps are nearly spherical, and produced usually 
in pairs on the under side of the first leaf of some of the lateral 
branches. 
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la the structure of the sporangia and spores, and in the development 
of the prothallia, the H>/>L *>i>h n>hju differ in many respects fr»>m the 
Fdices. These differences may he best understood on reference to 
Sah'imn Milan* as an example The sporoearps contain either mirnerou- 
microsporangia or a smaller number of maerusporangia (Fig 343, A. 
ma, mi). In structure both forms of sporangia resemble the sporangia 
of the leptosporangiate Ferns , they aie stalked, and have, when 



Fit? 343 -%Snhnua natuns A, Thiee spuiocaip"* in median, lonait ^unal section, inn, macro- 
spoiocaip, mi, microspoiocarp ( ' S), li, a uiicru*.porangm»n ( 5"*), C, portion ol the con- 
tents of a niicrobporan^ium, tahcnun* four iuicio> pores embedded m the frothy interstitial 
subbtance(x 230), D, a macruspoiaugiuni and macruspore in mulnan Iongitudma! section O 
33) , E , apex of a maerospnie , i >, pennmin , t, eximuiu , a, piute^l grams „ e, nucleus ( y 240) 

mature, a thm wall of one cell-layer but no annulus (B, I>). The 
microsporangia enclose a large number of microspores, which, as a 
result of their development in tetrads from the mother- cells, are 
disposed in groups of four (C), and embedded in a hardened frothy 
mass filling the cavity of the sporangium This frothy interstitial 
substance is derived from the tapetal cells, which gradually lose their 
individuality and wander in between the spore mother-cells. 

The microspores are not discharged, but while still enclosed within 
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the unruptured microsporangium, each germinating microspore puts 
out a short tubular male prothallium, which pierces the sporangial 
•wall. In this process the' microspore first divides into three cells 
(Fig. 344, A, I-III) ; the lowest (J) then cuts off a small lenticular- 
shaped cell (B, p), which may be re- 
?2 / garded as the rudiment of an unde- 

sC : 4 r ‘.'<&r V' s ve ^°P e< ^ root-hair cut off from the larger 

ce ^ <K The latter (a) thereupon elon- 
i 1 gates and pushes the other two cells (17, 

/ yC A \ A^ \i J T//) out of the microsporangium. These 
, y J two cells each give rise, by further 

"■ (J J 1 { division, to two sterile cells and two 

/ 1 spermatogenous cells, representing two 
f e ' ' T;j A ' s ; . \ anthendia with their respective sterile 

« \A ± i 'I wall-cells. Each anthendium produces 

r YY V r Z), A! ^ 0U X spermatozoids, which are set fiee 

\ by *” the rupture of the cell walls. 

' a j! " Although the whole male prothallium 

^ C! is thus greatly reduced, it nevertheless 

£ exhibits m its structure a pronounced 

P resemblance to tbe prothallia of the 

Fro* 344 — ''ttUuint haftiti* De\eIopment ftifcce s 

of the male prothallium. A, Dim si on 'V i 

of the microspore into three cells Xh.6 3 IACIlOSPORANGIA 3X6 l&rgCr 

i-ni(x stio>, n, nteiai Mew , c, than the microsporangia, but their walls 

X 'sr/rrz'" «— * o£ one cellJayer (Fi& 

thallium ceils « and p , cell ii, into the 343, D). Each macrosporangium pro- 
sterile cells b, < , and the two cells s ls d uce s only a single large macrospore, 

each of which has formed two sperma- i • r j * r 

tozoid uiotiier-ceii'. , cell hi, into the which develops at the expense of the 

stenie ceils, j, e, and the two ceils sj numerous spores originally formed. The 
ihe ceils -sx-i and sjs, represent two macr o8pore is densely filled with large 

anthendia , the cells b, e, d, e their 1 i , " . _ „ . ° , 

waii-ceiis (After belajeff ) angular proteid grams ^ (D, E, a), oil 

globules, and starch grains ; at its apex 
the protoplasm is denser and contains the nucleus (E, n) , the mem- 
brane of the spore is covered by a dense brown exinium (E, e}, which 
m turn is enclosed in a thick frothy envelope, the permium, investing 
the whole spore and corresponding to the interstitial substance of the 
microspores, and also formed from tbe dissolution of tbe tapetal cells. 
The macrospore remains within the sporangium, which is eventually 
set free from the mother plant. On the germination of the macro- 
spore, a small-celled female prothallium is formed by the division of 
the denser protoplasm at the apex, while the large underlying cell 
does not take part in the division, but from its reserve material pro- 
vides the developing prothallium with nourishment. The spore wall 
splits into three valves, the sporangia are luptured, and the green 
prothallium protrudes as a small saddle-shaped body. On it three 
arehegonia are produced, but only th.e fertilised egg- cell of one of 


Fro* 344 — i /} at natnti* De\ elopment 
of the male prothallium. A, Bruton 
of the microspore into three cells 
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them develops into an embryo, who-e foot, remaining for a time sunk 
in the venter of the arehegoma, finally ruptures it (Fig, 343 j. Tne 
first leaf of the germ-plant is shield-shaped I Fig. 342, €} 

The development of Apulia pincied* m a similar manner but the -porangia 
and spores exhibit a number of distinctive peculiarities. The nnmeiou- sports of 
the mierosporangia are aggregated 
into several nearly sphetieal ball© 
ormassuke, formed from the mttr- 
stfEiaTsubstance derived fiom the 
protoplasm of the tapetal celK 
Each massula, enclosing a num- 
ber of spoies, is beset externally 
with baibed, hook -like out- 
growths of the interstitial sub- 
stance On the rupture of the 
spoiangia the mass uke are set 
free m the water, and are earned 
to the macrospores, to w Inch 
they hook themselves fast A 
tspoiocaip contains one niacio- 
spoiangium, m which only a 
single raacrospoie comet* to mat ti- 
ll ty , in the course of its develop- 
ment it supplants all the other 
spore-rudiments, and finally the 
sporangial wall itself becomes 
flattened against the inner wall of 
the sporoeaip, frequently under- 
going at the same time partial 
dissolution The macrospore is 
enveloped by a spongy pennmm 
whose outer suiface exhibits 
numerous depiessxons and pro- 
tuberances prolonged into fila- 
ments At the apex of the spore 
the pennium expands into three 
pear-shaped appendages, while 
the upper pait of the ruptured 
sporangium remains attached to the spore in the foim of an umbrella-like expansion 
The formation of the protliallia is elfeeted m essentially the same way as m Sal- 
‘itma, except that only one antheudium with eight spermatozoids arises on each 
of the small male piothallia piotrudxng from a massula 

In the case of the Marsdiaeeac the piothallia are even more reduced, but other- 
wise their mode of development is very similar. Each of the minute female 
protliallia formed at the apices of the macrospores produce a single arcliegomum. 

The spoiocarps of the Mai sdiaccae have a moie complicated structure : those of 
Pihdana global if ei a are divided into four chambers, each with a single sorus ; in 
Marsiha they enclose numerous sorx (14-18) disposed m two rows. The son m 
both genera contain both micro- and macrosiiorangia, while those of the Saliunacecte 
are always unisexual. 





Fro o4j — Sahiiti* Embryo m longitudinal sec- 

tion, pi, pjothallium, -spore-cell, e, e\mmm ; p, 
peranum, ‘•pe, sporangial wall, cn , arehegomum , 
< nth / , embryo , f, foot , hlu ^ 7 «, hl& the tir'.t tin ee lea\ es , 
-f, apex of stem (After Prixgsheim, < 1CK) ) 
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Equisetinae (Horse-tails) 

The Equisetinae, which form an entirely independent class, include 
only the one genus Eqaisetum, comprising 25 species, found widely 
distributed over the whole world. Developed partly as land-, partly 
as swamp-plants, they may ahvaj's be distinguished by the character- 
istic structure and habit of the asexual generation They have a 
branching, underground rhizome on which arise erect, aerial haulms, 

usually of annual growth. The 
rhizome of the common Horse-tail, 
Equisetum arvense , develops also short 
tuber-like branches which function 
as reservoirs of reserve material and 
hibernating organs (Fig. 347, 2, a) 
The aerial haulms remain either 
simple, or they give rise to branch 
whorls, and these in turn to whorls 
■ c & of a higher order. Each axis con- 
sists of a series of elongated inter- 
nodes ; externally, it is channelled 
by longitudinal furrows, while in- 
ternally it is traversed by a central 
air-passage and by a number of 
Fig — rqiusctnui culture Trans\eise sec- smaller peripheral passages, valley 

twn through the stem m, l> sigemc medui- cu l ar canals, one opposite each of 

laiy ca\ ity , e, endodermis , tl, carmal canals . /tv^ a a a\ 

in the bicollateral bundles, ii, vallecular ^“6 turrOM S (I lg. 346). Between 
canoes, seierenehymatous strands m the central and vallecular canal s, 
the furrows and ndges, e/i, tissue of the and alternating with the latter, IS 

primary cortex containing chlorophyll , st, . , „ ® .. ’ 

rows of stomata (x u ) a circle or bicollateral vascular 

bundles, each of which is thus in 
a line with a surface ridge. Each vascular bundle is also traversed 
by a longitudinal water-passage, the carinal canal. 

The leaves of the Equisetinae, both in their structure and in the 
manner of their arrangement on the stem, are also characteristically 
developed. At each node is borne a whorl of scale leaves pointed at 
the tips, and united below into a sheath closely enveloping the base 
of each internode The leaves of the successive whorls alternate 
regularly with each other, and as each leaf is in direct continuation 
with a surface ridge of the next lower internode, the same alter- 
nating arrangement is apparent in the ridges of two successive inter- 
nodes. The lateral branches are developed m the axils of the 
scale leaves, but not having space to grow* upwards they pierce the 
narrow sheath As a result of the reduction of the leaf laminae, 
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the haulms themselves assume the function of assimilation. and for 
that purpose their cortical tissue under the epidermis is provided with 
chlorophyll. 

The sporangia are formed of specially shaped leaves or spoio- 
phylls. Like the scale leave -5 the sporophylls are developed 111 whorls, 
but are closely aggregated at the tips of the erect fertile shoots into 
a cone (Fig. 347, 1 , a), which is sometimes spoken of as a flower, 
from the correspondence m its structure to the male flower of the 
Conifers. The lowest whorl is sterile, and forms a collar-like pro- 
tuberance, which may be regarded as a modified form of perianth 
The sporophylls (Fig. 347, 3, ±) are stalked and have a shield-shaped 
lamina, on the under side of which are borne the sac-hke sporangia (5- 
10 ). In the young sporangium the sporogenous tissue is surrounded 
by a wall consisting of several cell layers, but eventually the so-called 
tapetal cells of the inner layers become disorganised, and their proto- 
plasm penetrates between the developing spores At maturity, the 
wall of the sporangium consists only of the outermost of the original 
layers whose cells are provided with annular and spiral thickenings , 
the sporangia thus resemble the homologous pullen-saes of Phanero- 
gams. The sporangia split longitudinally, and set free a large 
number of greeruspores, which are nearly spherical in shape, and have 
peculiarly constructed walls In addition to the intine and exine, 
the spores are overlaid with a perimum formed from the protoplasm 
of the tapetal cells, and consisting of two intersecting spiral bands 
which are attached to the spores only at their point of intersection 
(Fig. 347, o-7). On drying, the spiral bands loosen and become 
uncoiled ; when moistened they close again around the spore. By 
means of their hygroscopic movements they serve to hook together 
the spores, and m this way is assured the close proximity of the 
unisexual prothallia -which they produce. 

In certain species some of the aerial haulms always remain sterile, branching 
profusely, %\hile others uhieh pioduce the terminal cones either do not bianeh at all, 
or only at a later stage, and then spanngly This distinction betvi een the sterile and 
fertile haulms is most marked m Urjiustium cuiXiiae and Equisetiita Telmateja , m 
both of which the lei tile shouts are entirely unbianched, and terminate in a single 
cone (Fig 347, 1). Resembling m then mode of life a parasite upon the rhizome, 
they are otherwise distinguished fiom the vegetative haulms by their lack of 
chlorophyll and tlieir light yellow colour. 

The spores are all of one kind, and on germination give rise to 
thalloid prothallia, which are generally dioecious. In the adjoining 
figure (Fig. 348) a male pro thallium of E^uusetin n at tense is represented, 
showing the first formed antheridia (a) somewhat sunk in the tissue 
The female prothallia attain a large size, and branching profusely, are 
prolonged into erect, ruffled lobes at whose base the archegonia are 
produced In structure the archegonia resemble those of the Ferns 
(rf. Fig. 339, p. 406), but the upper cells of the four longitudinal 
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Fig. 34 *. — Kquisetim arvcnse . 1 Fertile haulms terminating m the flower-cones (a) , 2, a sterile 
\egetatne haulm; a, rhizome tubers, 3, sporophyll with sporangia, 4, sporophyll with 
ruptured sporangia , 5, 6, 7, spores with the spiral bands of the pennium (After Wossidlo ) 


curve strongly outwards. The development of the embryo corresponds, 
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also, essentially with that of the Fern-embryo, except that the fn^t 
leaves are arranged in a whorl and encircle the apex of the stem 


growth 


The 

the division 
(Figs. 162, 163, pp. 149. 1.3 O'. 


of the embryo is 
of a three-sided 


effected bv 
apical cell 


rt 


rt 



The outer epidtimal walk of the «tem are man- 
or le->s strongly impregnated with silica. In 
Eqmsetum hieinale, and to a less degree m Eqa>- 
setum arrciiSi’, the silieifieation ot the external 
walls is carried to such an extent that they are 
used for scouring metal utensils and for polishing 
wood. 

Equisetum yiga ntcinn, growing in South America, 
is the tallest species of the genus : its branched 
haulms, half supported by neighbouring plant--, 
attain a height of o\ er ten metres 

The extinct Cain muriate, which foim a special 
class of Ft a idophyta , and resemble most nearly the 
Equisetuiae , attained their highest development m 
the Caibomteious period. Then jointed stems, 
similar to those of the Horse-tails, the so-called 
Calamites, attained the dimensions of a tree and 
bore at the nodes vei ticillately - leaved branches. 

These branches, which have also been described as 
special geneia, Annuhniu and Asfcrophylhtcs, may m part lune belonged to smallei 
herbaceous foims. It has been detei mined with certainty that the spoiophylls ot 
the cones of some species bore both niuei o- and microspoiangia ; while other species 
weie liomosporous. In the piimaiy litructuie of the stems the Calamites corre- 
spond essentially wntli the Eqinsctinac, but differ from them m possessing secondary 
growth m thickness, similar to that of Gymnosperms. 
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Class III 

Lycopodinae (Club Mosses) 

To the Lycopodinae belong, as their most important and widely 
distributed genera, Lycopodium, SelagineUa, and Lades. They are dis- 
tinguished from the other Ptei idophytu, of which they resemble most 
nearly the eusporangiate Fihcet,, by their general habit and the mode 
of their sporangial development 

Unlike the fertile leaves of the Fihcinae and Equisetinae, which 
always bear numerous sporangia, the sporophylls of the Lycopodinae 
produce the sporangia singly, at the base of the leaves or in their 
nx-ils Although in many cases scarcely distinguishable from the sterile 
leaves, the sporophylls are frequently distinctively shaped, and, like 
those of Equisetum , aggregated at the ends of the fertile shoots into 
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terminal cone-like flowers Compared with the leaves, the sporangia 
are relatively large They are developed in the same waj* as those of 
the eusporangiate Films and Et/uisetinae, from a projecting group of 
cells derived from the epidermis and the underlying tissue ; while in 
all other Ptendophyta the sporangia are developed from a single 
epidermal cell. The innermost layer of the sporangial wall, the 
tapetal layer, is absorbed. The sporangia have no annulus Except 
in the case of Iboetes, whose spores become free by the decay of the 
sporangial wall,' they dehisce by longitudinal slits, which divide the 
sporangia into two or more valves , the slits occur where the walls of 
rows of cells have remained thin. The sporangia of Lycopodium are 
homosporous ; those of other Lycopodmae heterosporous. The hetero- 
sporous forms produce only greatly modified and reduced prothallia , 
m the genus Lycopodium , on the other hand, the prothallia are essen- 
tially the same as those of the Filices and Eyuisetaceae. In the develop- 
ment of their asexual generation the heterosporous Lycopodmae resemble 
in many respects the heterosporous Hydropterideae. 

The dichotomous branching of the stems and roots is characteristic 
of this class (Figs. 18, 19, p. 19), in the genus Isoetes, however, the 
stem is not only unbranched but also tuberous. 

Order 1. Lycopodiaceae 

The numerous, widely distributed species of the genus Lycopodium 
(Club Moss) are for the most part terrestrial plants, m the tropics 
epiphytic forms also occur. In Lycopodium claiatum, one of the 
commonest species, the stem, which is thickly covered with small, awl- 
shaped leaves, creeps along the ground , it branches dichotomously, 
and gives rise to ascending lateral branches, while from the under 
side spring the dichotomously branched roots (Fig 349). The flower- 
cones, consisting of the closely aggregated sporophylls, are situated in 
groups of two or more at the ends of the forked, erect shoots. The 
sporophylls are not like the sterile leaves m shape ; they are broader 
and more prolonged at the tip , each bears a large reniform sporangium 
on the upper side at the base The sporangium opens into two valves 
by a transverse slit, and lets free numerous minute spores (Fig 
349, 2). 

Lycopodium Selago differs in habit from the other species , its 
bifurcately-branched stems are all erect, and the flower-cones are not 
distinct from the vegetative region of the fertile shoots 

The spores of the Lycopodiums are all of one kind, and in conse- 
quence of their formation in tetrads are of a tetrahedral though some- 
what rounded shape. The exme is covered with a reticulate thickening 

The mode of germination and development of the sexual generation 
have as yet been determined only for a few species. The prothallia of 
Lycopodium annotmum, a species nearly related to L. clavatum , were 
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the first to be discovered. They live as saproph\ tes and have the form 
of whitish, subterranean tubers which bear the sexual organs on their 
upper surface. In the case of L. i n muhtum they are found on damp peaty 
soil, and in the tropical L ceruvum, with erect profusely -branched shoots, 
the prothallia are almost devoid of chlorophyll and are attached to the 
soil by rhizoids ; they have the form of small, half-buned, cushion-like 



Fig 340 — Lycopodium claiatim 1, Plant with fertile shoots * % seale-hhe -sporoplij 11 with 
sporangium , 3, spores, highly inagmhed. (After Wossidlo OrficisAL ) 


masses of tissue which give rise to green aerial thalloid lobes Th< 
arehegonia occur at the base of these lobes, the antheridia or 
their surface. The antheridia are somewhat sunk in the tissue (Fig 
350, C), and enclose numerous spermatozoid mother-cells, in whicl 
small biciliate spermatozoids are formed. The arehegonia (Fig. 
350, D) are constructed like those of the Ferns, but have a shortei 
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neck, whose upper cells become disorganised on opening. The pro- 
thallium of L. Phlegmasia, found on trees in the tropics, is also sapro- 
phytic. It consists of branching strands growing under the bark of 
trees, and is characterised by the possession of a vegetative mode 
of propagation by means of brood -tubers. The prothallia of the 



(♦anal-cell (After Tpelb, x 250 ) 


Lycopodiums are monoecious. The embryonic development, which is 
effected differently from that in the Ferns, agrees closely with that of 
Selagmella (Fig. 355). A suspensor or embryo-bearer is developed , 
it is not, however, laterally inserted, but occurs on the contrary at 
the foot end of the embryo 

Officinal. — (Lycopodium), the spores of Lycopodium clavapim and 
other species 


Order 2. Selaginellaeeae 

To this order belongs the genus Selagmella, represented by numerous 
and for the most part tropical species. They have, as a rule, profusely 
forked, creeping, and sympodially branched stems, but occasionally 
erect, branched stems ; some form moss-like beds of vegetation ; others, 
climbing on adjacent plants, possess stems several metres long In 
general the Selaginellas are similar in habit to the Lycopodiums 
They have small, scale -like leaves which usually exhibit a dorsi- 
ventral arrangement, such as is shown, for example, in the Alpine 
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Selcujinelhi ltd ret tea (Fig. 351 ). wlio-e stem is eovered witn two row- oi 

small dorsal or upper leaves, and opposite to them two lows of huger. 

ventral or under leaves. The development 

of a small, membranous hgule at the -t 

base of the leav e=, on their dorsal side, is J J ’.vjTy 

characteristic of the Selagmellas. * ji H**'-* 

As in Lz/ropithtiut, the cones or flow er- « 
spikes are terminal. Each sporophyll # 3 
subtends only one sporangium, which A $ -plr 

springs from the stem above the leaf- -g 

axil. The same spike bears both kinds of ^ 

sporangia; the macrosporangia occur m v»/ * 

smaller numbers m the axils of the lower 
sporophvlls. The two kinds of sporangia 
do not differ so much in size as in form. 

Each mierosporangium (Fig 352, 1>) has . eg 

the form of a flattened capsule, aud open- C~ , 

ing in two valves discharges numerous ~ u 

microspores, ihe macrosporangia (Fig \ * 

352, a), on the contrary, are spherical, > [ 

and each contains only four maciospores, \ ", 

which are produced by the growth and ' 1 

division of a single spore-mother-cell ; all v 

the other mother-cells orisrinally developed fig ,-a — a, ,»■ v « d,» 
ultimately disappear On account of the f n M iat T> *’ 

. . J a i a* i *n / u'*u, «>mc plant \utli 

increasing size of the spores the macro- iua« r -till attacun (atwi 


1 >“il — 
Hat m h 


,l.T « * (ftu’U 

a\ ih* 


tin / io*a, unbrvnruc plant witli 
maenspore attached (Alter 
Bi-lhofj, ma^rciticd ) 


sporangia become inflated and nodular. At bim.w.f*, ma^rne-i ) 
maturity they split into several valves 

The mierospores begin their development while stil l en closed 

within the sporangium! The spore 
I 11 ' , firstT divides into a small lenticular 

^ vegetative cell representing the_pr_o- 

ig t* thalli um, and into a large cell which 

€ ® represents the rudiment of an anther- 

idium ; the latter divides successively 
^ w— 1/ ^1 into eight sterile peripheral cells and 

/*fA J ? "vL* two or four central spermatogenous 
t j',1 1 cells (Fig. 353, A). By the further 

j t > ** division of the central cells numerous 

spermatozoid mother-cells are formed 
{B-D). The peripheral cells then 
fig sv! —sdiujL.Hiia uhetiai c. Open break dowm and give rise to a muci- 

maifiG*,]ioiangiaiii fehovung’ three macro- . •% * i i • 

-poles (the fourth hidden from \ievi) , ?>, lagUlOUS substance, 1H which IS €*m- 

nnci osjji ji ana mm "itii tscapmg micio- bedded the central mass of sperma- 
spoies (^eKcaio) tozoid mother-cells (E). The small 

prothallium-cell, however, persists. Eventually the wall ruptures, and 
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the mother-cells, thus liberated, set fiee the club-shaped biciliate sper- 
matozoids (F). The reduction here exhibited in the formation of the 
male prothallium resembles that shown by the Hythoptendeae (p. 410) 
The macrospores similarly begin their development within the 
sporangia. Internally, the spore is filled with numerous proteid 
grains, while the nucleus lies m the peripheral cytoplasm at the apex. 
After the division of the nucleus into daughter- nuclei and their 
distribution in the apical cytoplasm, the formation of cell walls begins 
In this way, progiessing fiom apex to base, the spore becomes filled 
by a i>rocess of multicellular formation, with large prothallium-eells 
At the same time, and proceeding in the same direction, there begins 
a further division of these cells into smaller cells. In the tissue at the 



Fig 3o3 — A-E, Selnqinrfla * tulomfeia, sucees^ne stages ni the germination of a inierospore s 
prothalhum-eell , wali-eelfs ot antheiidium , s, spei matogenous cells , A , £, D, lateral ; C, 
dorsal Mew In E the prothallium -cell not Msible, the disorganised ^all-cells enclose the 
sppriuatozoid mother cells , F, spennatozoidh of s elagniclla cuspidotct (Aftei Belajeff, A-E X 
(>40, T ^ TfcO ) 

apex, consisting of small cells, the rudiments of a few archegonia 
appear, often even before the formation of the prothallium has r been 
completed The archegonia are usually not formed until the spores 
have been discharged, from the sporangium. 

The formation of prothallia, in the case of Selagmella, as also m the 
related genus Loetes, is thus effected m a different manner from that 
m the other Ftendophyta , and it approaches more nearly the corre- 
sponding process in the Conifers. 

The wall of the spore eventually hursts at the apex, and the 
prothallium becomes partially protiuded. The fertilisation of one or 
two archegonia, which then takes place, is followed directly by the 
segmentation of the fertilised egg -cells in the formation of the 
embryos (Fig 354). 

The embryogeny of Selagmella is very similar to that of Lycopodium. 
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The egg-cell is divided by the formation of a transverse wall into tiro 
cells ; the upper and larger cell > . 


increases considerably in size, 
and gives rise, by the division of 
its lower poition, to a suspensor 
(Fig 355, ef), while the lower 
epibasal cell, by repeated divi- 
sion, develops into an embryo, 
provided with two primary 
leaves and further segmented 
into stem, root, and foot (V, ' f , 
if, /). The foot, in this in- 
stance, has another position and 
origin than in Lycopodium Each 
primary leaf has, even at this 
stage, a ligule (hff) formed by 
the outgrowth of the leaf-base 



The suspensor is perpen- 
dicular to the axis of the 
embryo ; its function is to push 
the embryo into the tissue of 
the prothallium, with which 


Fi» r 134 — $Y<h, ittfrt . r Fi male prutlnl^um 
ppntr idii'g fr»»m tin* apnx ft* tbe niptur^l n*u.»ni- 
spoie , wall of i aur tspuie , an uifer- 

tilised arelic-.nnmm , > > » umj, tvo emoiyos, 

with snspen^or* i+ *unk m *l*e of tun pru- 

thalbuin (Aft hi PiFtFEr, > 1J4 ) 


the foot, the organ of absorption, is thus kept in close contact. The 



f 


Fit* 353 — ^ duginella Murten&i t Longitudinal section of an embryo before its sepaiatiou fiom 
the ypore, pf, suspensor , v*, i uot , /, loot , hi, leaves s h>j , ligules , si, apex of stem (After 
Pfeffer, x 105 ) 


stem apex, ivith the first pair of leaves, eventually grows upwards, and 
the root also extends beyond the macrospore. As the foot still 
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remains in the piothallium the young plant continues united to the 
spore, and presents the appearance of a phanerogamic seedling with 
the seed still attached (Fig 331, B). 


Tlie second genus of tins order, Inoctes, the Quill wort, comprises perennial plants, 
growing either on damp soil oi submerged m water. The stem is short and 
tuberou-, terminating below in a tuft ot dichotomouslv branching roots, and above 

m a tlnck rosette of long, stiff awl-shaped 



leaves (Fig. 356) The leaves are penetrated 
longitudinally by four air -passages, and ex- 
pand at the base into a broad sheath. On the 
inner side of the leaves, above then point 
of m&eition, is an elongated pit, the fovea, 
containing a laige sessile spoiangium A 
ligule, in tlie form of a tiiangular membrane, 
is inserted above the fovea Isoetes thus diffeis 
greatly in habit from the oihei geneia, but 
lesembles Selaguicllct m the development of a 
ligule. 

The maeiospoiangia aie situated on the 
outer leaves of tlie rosette , the inieiospoiangia 
on the inner. Both are traversed by trans- 
veise plates of tissue or trabecuke, and are m 
this way impel fectlv divided into a senes of 
chambers. The spores aie set iiee by the 
decay of the sporangia! w alls. 

The development of the sexual generation 
is accomplished m the same way as m Selayi- 
nella The reduced male prothallmm arises 
similarly within the spore, by the formation 
of a small, lenticular, vegetative cell, and a 


Fig S5u — Isoetes locust us (i nat size) laiger cell, the rudiment of a single anther- 

ldium The larger cell divides further into 


four steule peripheral cells, which completely enclose two central speimatogenous 
cells. From each of the lattei anse, m turn, two sj>eimatozoid mother-cells, four m 


all, each of which, when libeiated by the ruptuie of the spore wall, gives rise to a 
single, spirally coiled, multiciliate sx:>eimatozoid Tlie female prothallmm, just as 
in Selayinella , also remains enclosed within the macrospore, and is incapable 
of mdependent^iowth. It shows similarly an approach to the Comfeis, in tliat 
tlie nucleus fiist divides into numerous parietal dauglitei -nuclei before the giadual 
foimation of tlie cell walls, which takes place from the apex of the spore to the 
base. As a result of this process the whole spoie becomes filled with an endosperm- 
like prothallmm, at the apex of which the aieliegonia are developed. The 
embiyo has no suspensor, and is similar m many 1 aspects to the embryo of the 
Monocotyledons, to wdiieh the mature plant also bears a stiong resemblance 

The Lcpidodendreae , an extinct family of arborescent Pteridophytes occurring 
chiefly m the Carboniferous period, belong also to the Lycopodvnac . They weie 
usually sparingly branched, either dichotomously or sympodiallv, and provided 
with linear or lanceolate leaves, thus resembling, to a certain extent, gigantically 
developed Club Mosses. Then stems increased m thickness by secondary growth, 
and were covered with cushion-like areas, showing the seals of the fallen leaves. 
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Then flowers (Lrpidosttobm ) lia<l the to mi of ^caly -leaved con* 1 ' tad' *poiopi'yl. 
boie a large &poiangmm. Many fui nis wae hetao^porous 

To the LyroporhacK' mat piobably he awgued al-o the arboie^ent 

plants resembling the Lfjudotlutdn.tu' Their "terns were either very spanng y 
dichotomouslv branched or entirely unbundled. and were cliaraeten-ed abo hv 

* V b 

secondary growth. The Snjilhtmnie was- probably al-o heterosporous. Tliey 
ditfeied from the Lepvhdendftac m the torn and arrangement of the ]eaf->cais, 
and in their long-stalked, cone-like flow as with basaliy expanded sporophylls. 

The fossil remains of the Caibomfeioii" ] hints known under the name ot 
Stujmit ta eoiie&pond to the roots of and h . 





PAST II 

SPECIAL BOTANY 
SECTION II 


PHAXEKOGAMIA 




SECTION II 

PHANERGGAMIA 

General Character. — The Phanerogams follow the Pteridophvtes 
without any sharply -defined barrier s representing phylogenetieally 
more highly-developed plant forms Their more advanced develop- 
ment is limited to the sporophyte, or asexual generation, which, while 
still retaining a distinct segmentation into root and shoot, exhibits 
more extensive differentiation and a greater variety of form, especially 
in the formation and disposition of the sporophv 11s, than in the 
Pteridophytes. On the other hand, this has been accompanied by a 
reduction of the sexual generation, resulting in the complete loss of its 
separate individuality. The sexual plant has been reduced to a few 
cells, which are dependent upon the sporophyte for their existence. 
Their recognition as the degenerate remnant of a once independent 
generation was the result of a comparative investigation of their mode 
of development. 

The Spore-forming Generation. — The vegetative segmentation of 
the Phanerogams has been already sufficiently described in the section 
on General Morphology. Attention will only be given here to the 
organs functioning in the service of reproduction and dissemination of 
the spores, as they alone are specially characteristic of the Phanerogams 
as a distinct class. 

The Phanerogams are all, without exception, HETEROSPOROUS. As 
m the Sthujinellacent , macrospores and microspores are always pro- 
duced by different sporophylls, which, for the most part, are borne 
on the same shoot, although sometimes they arise on separate axes or 
even on distinct male or female plants The spores are also formed in 
sporangia, which, just as in the Pteridophytes, represent organs sin 
generis. 

The male sporophylls of the Phanerogams are known as stamens : 
the female sporophylls as carpels. Notwithstanding their different 
designation, the staminal and carpellary leaves are in every respect 
homologous with the sporophylls of the Pteridophytes, and are to be 
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regarded phylogenetically as metamorphosed foliage-leaves, although 
in most cases they in no wise resemble them, and, like the sporophylls 
of the Eqnisetnceae and most of the Lycopodiacecie , they serve merely to 
produce and bear the spores. Staminal and carpellary leaves 

SPRING FROM THE SUMMIT OF AN AXIS, THE FURTHER GROWTH OF 
WHICH, EXCEPT IN THE FEMALE FLOWERS OF CYCAS, IS TERMINATED 


BY their production ; they are closely aggregated, usually m whorls, 
but less frequently they assume a spiral arrangement 

In the majority of cases the reproductive axis gives rise im- 
mediately below the stamens and carpels to other special leaves, which, 



Pic SjT — Flower of Pinouut / iLiegmirt, m longitudinal 
section l and *, Penanth e, andrteciiim r/, gjn- 
oeemm (Xat M7e ) 


although themselves sterile, 
are functionally connected 
with the sporophylls, and 
similarly exhibit an essential 
dissimilarity to foliage-leaves 
Like the sporophylls, which 
at times become modified into 
similar sterile leaves, these 
leaves almost always spring 
from the axis in whorls, and in 
other respects they show a 
closer relation to the sporo- 
phylls than to the foliage- 
leaves. Collectively they form 
the perianth (Fig. 357, k, c). 
The shoot or part of a 


SHOOT COMPRISING THE PERI- 


ANTH, THE SPOROPHYLLS, AND THE PORTION OF THE AXIS FROM WHICH 

they spring, is termed A floweii . If the perianth is lacking, the 
flower is naked The stamens of a flower are designated collectively the 
andrcecium, the carpels constitute the GYNCECIUM. When both andrce- 
cium and gynoecium are represented in the same flower, the flower is 
hermaphrodite , in that case the gyncecmm occupies the centre 
of the flower. When either the andrcecium alone or the gynoecium 
alone is present, the flower is unisexual or diclinous. If diclinous 
flowers of both sexes occur on the same plant, it is said to he 
monoecious. If, however, a plant produces flowers of one sex only it 
is termed dioecious , on the other hand, if it develops at the same 
time both unisexual and hermaphrodite flowers, it is termed poly- 
gamous. 

From the constant occurrence of flowers, it is often customary to 
refer to the Phanerogams as the Flowering Plants. It must not, 
however, be concluded that this is characteristic of the Phanerogams 
alone, for the aggregated sporophylls of the cones of the JEqutsetaceae or 
of the spikes of the Lycopodiaceae also exhibit all the essential charac- 
teristics of flowers, although in a less advanced degree of development 
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(<f. pp. 412, 416). The flowers of the Gymnospernia in tact show but a 
small advance from the flower-cones of the Pteridopln tes, while those of 
the Angiospemis differ from them only m the more pronounced metamor- 
phosis of their various parts. A rose, or the complicated flower of an 
Orchid, represents the more highly developed forms of an ascending 
but continually diverging series, which originated in the Ptendophytes. 
The first indication of a tendency to form a flow er is manifested by 
some of the Ferns, eg. Blech mini, in which the fertile leaves, separated 
from the sterile, are united in a rosette crowning the apex of the axis. 

The microsporangia of Phanerogams are teimed pollen-sacs; the 
microspores, pollen-grains, or collectively Pullen. The development 
of the pollen-sacs and pollen-grains (Fig. 358) is effected in the same 
way as the homologous reproductive oigans of the Ptendophytes. A 



Fig 3aS — Hemet ontlh^ Jnhn -4, Tians\e*sp auction of an almost npe anther, showing the loculi 
ruptured in cutting , p, imtitiuii wall between the loculi , n, groove m connective , /, vascular 
bundle (x 14) 11, tiansveise section ot jouitg anther (x 2V) C, part ot tiansverse section ot a 
X>ollen-sac , pm, jjollen mother-cells, t, ta petal lavei latei undei going dissolution, t, inter- 
mediate panetal laver, becoming ultimately compressed and disorganised , /, panetal lajer of 
eventifallj fibrous cells t, epidermis (< 240) D and L , jiollcn mother- cells after division 
(X 240) 

cell layer, directly under the epidermis of the sporophylls, becomes 
divided by tangential walls into two layers, the outer of which 
constitutes the wall of the spoiangium, the inner the spore mother- 
cells The latter, by repeated division, give rise to the pollen 
mother- cells, which further divide each into four pollen -grains. 
Although the pollen- grains sometimes remain united in tetrads 
(Fig 359, A), they are generally isolated, and have the appearance of 
round or elongated bodies, which are at first unicellular (Fig 359, B, 
360), but eventually, in consequence of the formation of a reduced 
male prothallium, become multicellular 
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Each pollen -grain is provided with a delicaie wall, which, is 
differentiated into a cnticularised exink, and an intine consisting 
chiefly of pectose. The surface of the pollen-gram is frequently- 
studded with projecting points or warts, or beset with delicate and 
regularly disposed outgrowths (Fig. 359, B) In addition, thinner 
spots (Fig. 359, B) or areas defined by a lid-like covering (Fig. 360, B) 



Fir* SV* — A Pollen-grain's ot the Heather Fig 3o0 — A , Pollen gram of Cue m bita Pepo(x 240), 
( Calltnw < vhjft >s), cohering in tetnuK , I), 11, section of pollen-gram of Cuemhita verrucosa , 

simple pollen-giams of the Lime ( Tilm ) showing one of the lid-like areas thiough which 

( \ 350 ) the pollen-tubes protiude ( x 540) 


often occur in the walls of the pollen-grains, they fulfil an important 
office as germ-pores in facilitating the processes of fertilisation. 

The macrosporangia of Phanerogams constitute the seed-rudiments, 
and are called oyules They usually arise on the margins of the 
carpels, and are either free or entirely enclosed by them. The first 
case is characteristic of the class of the Gymnosperms ; the second of 
the Angiosperms. 

An ovule (Fig. 361), when ready for fertilisation, is represented 



Fa, Jol - Diagrams* of the ovule A, Airopous , B, anatropous ; C, campylotropous , m, imeropyle , 
t, integuments ; », nueellus , Ot, chula^a , /, funiculus , 7, raphe 

by an ellipsoidal body attached to the carpel, usually by a stalk, the 
funiculus (/). The central portion of, the ovule is occupied by a 
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club-shaped mass of tissue termed the NUCEfcLUs ( /< ). Enveloping the 
nucellus are one or two sheathing coats, the integument,^ (>), which 
spring from its basal portion, the so-called cH vlaza (pit). The integu- 
ments are prolonged beyond the nucellus as a short neck traversed by 
a canal known as the MICROPYLE ( n >). 

Sometimes the axis of the ovules forms a continuous line with the 
funiculus, the nucellus is then straight (Fig 361, A), and is said to be 
ateopous (orthotropous). If the funiculus curves sharply, immediately 
below the ovule, so that both lie side by side, the ovule is inverted or 
anatropous (£). In this, the most frequent case, the funiculus is in 
part adherent to the outer integument, and forms a suture or raphe 
on the seed along the line of contact (/•). Le-sS frequently the ovule 
is CAMPYLOTROPous (C'), and is itself so curved that the chalaza and 
microphyle do not lie in the same straight line. 

As a rule, only one macrospore, the so-called embryo -sac, is 
formed in each nueellus. Unlike the maceospore of theTPterido- 
phytes, the embryo-sac always remains ENCLOSED in the macro- 
sporangium, and is organically united with it. In a few eases 
several embryo-sacs are produced m the same nucellus. 

The Sexual Generation — Fertilisation and its Results. — The 
germinating pollen-gram usually undergoes but one division, from which 
results the formation of two cells of unequal size. The small cell cor- 
responds to the anthendium of the Ptendophytes, and eventually gives 
rise to two generative cells homologous to the spermatozoa, and serving 
the same purpose. They’ are devoid of cilta and non-motile 
The larger cell represents the -whole vegetative portion of the pro- 
thallium and undergoes no further division. 

The pollen-sacs by this time have attained maturity, and dehiscing 
by fissures, less frequently by pores, liberate the pollen, whieh are then 
dispersed by -wind, or carried away by water, or distributed by means 
of insects. Although a greater part of the pollen is lost, some of the 
grains are in this way carried to the special portion of the gyncecium 
adapted for their reception (p 281). In the Gymnosperms the micro- 
pyle is the receptive portion ; in the Angiosperms it is the stigma or 
certain* areas of the carpels which are specially adapted, by tlie excre- 
tion of a viscid fluid, for the reception of the pollen. In either case, by 
the protrusion of the intine of the vegetative cell through the germ- 
pores, tubular outgrowths, the pollen-tubes, are formed which, often 
after traversing a considerable distance, conduct the two generative cells 
to the egg-cell. The Phanerogams have accordingly been termed by 
Engler, Siphonogams (Embryophyta sipkonogama ) Pollen-grams will 
also develop pollen- tubes in a sugary solution or fruit juice. The 
direction taken by the growing tubes is probably determined, like 
the movement of the spermatozoa, by chemotaetic stimuli. 

A female prothallium with one or more egg-cells is produced 
in the embryo -sac. The process is not the same in Angiosperms 
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as in Gymnosperms. Fertilisation is effected, as throughout the 
whole vegetable kingdom, by the fusion of the protoplast of a male 
generative cell with an egg-cell (rf p. 6T) 

The fertilised egg-cell gives rise to the embryo, which, while still 
enclosed within the embryo- sac, acquires a considerable size and 
differentiation. After the embryo has attained a definite stage of 
development, varying in different species, its further growth ceases, and 
parting with its constituent water, it passes into a dormant condition, 
from which, after the lapse of a longer or shorter period, it emerges 
only when abundantly supplied with water. The other parts of the 
ovule also increase in size, after fertilisation has been effected, and 
undergo extensive internal modification. As a result of the changes 
incident upon fertilisation, the ovule becomes converted into a seed 
The development of seeds, or enclosed macrosporangia 

CONTAINING EMBRYOS, IS A DISTINCTIVE CHARACTERISTIC OF THE 

Phanerogams. In conformity with this distinction, they are also 
termed Seed-plants or Spermaphytes. 

The essential paits of the seed, which are always present, are the 
seed -coats developed from the integuments of the ovule and the 
embryo (Fig 362, B). In many cases there also arises, from the 



Fin 3(»2 — CctpseUu hm aa past om> A, Longi- 
tudinal section of a npe seed , ft, li> pocotyl , 
e, cotyledons, i\ \asculai bundle of the 
fumcle (x 20) £, longitudinal section of 
the seed-coat, attei treatment with water , 
c, the swollen epidermis , c , brown, strongly 
thickened layer, *, compressed layer ot 
cells , a , aleurone grains ( x 240) 
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Fig 3o3 — J, Seed of Hyoscyainus nigcr, showing 
the Dicotyledonous embryo embedded m the 
endosperm , B, seed ol Flettarux Cai dcmomuni, 
enveloped by a thin aril, the white, mealy 
perisperm ne\t to the seed -coat encloses an 
oleaginous endosperm (shaded), m which the 
Monocotyledonous embryo lies embedded 
(After Berg and Schmidt, magnified ) 


chalaza of the fertilised ovule, a fleshy envelope, the seed-mantle or 
arillus. Frequently a parenchyma rich m nutritive material is 
formed between the embryo and the seed-coats. When this nutritive 
tissue, or so-called albumen, is derived from the nucellus, it is termed 
the perisperm (Fig 363, B) , when developed within the embryo-sac, 
the endosperm (A). If the seed is provided with neither endosperm 
nor perisperm (Fig. 362, A), the cells of the embryo itself are filled 
with accumulated reserve material. 
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The influence exerted by fertilisation is not restricted solely to the 
formation of the seed. Other parts of the flower also undergo 
modification and are adapted to new functions, such as the protection 
and dissemination of the seeds ; while those parts which, after polli- 
nation, are no longer of service, ultimately wither. 

The product of the changes induced by fertilisation in 

THE PERSISTENT PARTS OF THE FLOWER IS TERMED A FRUIT. The 
formation of fruit, as well as the development of seeds, is an essential 
characteristic of phanerogamic plants. Like the flower from which it 
is produced, the fruit may also have a more or less complicated 
structure. In the simplest cases it consists solely of the carpels 
(e.g. Cruciferae ), which, with the seeds, always constitute the essential 
part of the fruit. Sometimes the flower-axis performs an important 
part in the formation of the flower, particularly in perigynous and 
epigynous flowers (e.g. Hose, Apple). Less frequently, the leaves of 
the perianth are transformed into part of the fruit, as in Spinach, 
when they form a hard, spinous envelope about the gyncecium. The 
androecium, on the other hand, always disappears after pollination 
has been accomplished. 

The once prevalent custom of considering the fertilised gyncecium alone as 
the fimt is productive of great confusion. According to this view, only the 
central portion of an Apple, for example constitutes the fruit ; while the larger, 
peripheral portion, derived from the modified axis, would not he regarded as 
belonging to it The definition of a fruit given above is that adopted by Eiphler. 

The seed, as a rule, falls to the ground, where, after a longer or 
shorter interval, it changes from 
its dormant state into an active , 
condition of life. This process 
is termed germination. The 
seed-coats are ruptured and the 
embryo develops, without other 
interruption than that occasioned 
by climatic changes, into the 
seed-producing plant (Fig. 364). 

General Classification. — 

The Phanerogams are divided 

into the two unequally large 

classes, Gymnosperms and Angio- 

sperms , The Gymnosperms are 

the older class and occupied a Frc ZOi _ nillJ ' a otMous At Sted m longl . 

more important position m earlier tuchnal section, e, cotyledons, v, plumule, 7t, 

geological ages than at the pre- hypocotyl; radicle. E-E, different stages of 

° ° . ° .-I germination 

sent time , thej^ now include 

only a few hundred species. In accordance with their greater age, they 
exhibit a closer alliance to the Pteridophytes than do the Angiosperms, 

26 
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which comprise the most highly developed of all plants and, pre- 
dominating both m the number of species and individuals, have pro- 
duced the chief part of all the vegetation since the Tertiary Period 


Class I 

GYMNOSPERMAE 

The flowers of the Gymnosperms are always unisexual and naked, 
or m rare cases ( Gnetctceae ) provided with a small, insignificant 
perianth. 

The male flowers consist most frequently of long shoots with a 
larger or smaller number of spiral or whorled scale-like stammal leaves 
(Fig 365, A, C), bearing on the under side two or more pollen-sacs. 



Fig. 365 — Punts Pumiho A, Longitudinal section of a nearly mature male flower (xlO), B 
longitudinal section ( x 20), C transverse section ( x 27) of a stammal leaf , D, pollen-gram of 
Pmus sihestrib (x 400) 

The pollen-grains are generally spherical, and, in some genera, are pro- 
vided with two bladder-like protrusions of the exine, which are filled 
with air and facilitate their dispersal by the wind {D) 

The germinating pollen-grain undergoes division and forms two or 
more prothallium-cells invested with cellulose walls. One of these 
cells assumes an antheridial character and divides into two generative 
cells, corresponding functionally to spermatozoa. 



SECT II 


PHAN EROGAMI A 


4 J5 


The female flowers resemble the male 
carpels are generally scale-like, outspread, 
and never united , they bear a varying 
number of ovules, mo-st frequentlv two 
(Fig 366). 

The embryo - sae enclosed in the 
basal portion of the nucellus (Fig. 367, 
nc) gives rise by a process of multicellular 
formation, preceded by free nuclear divi- 
sion, to a parietal cell-layer, and by the 
increase of this layer to a female 
prothallium, which completely fills the 
embryo-sac (<?). Special cells of the 
prothallium, situated at the apex of the 
embrvo-sac, then become converted into 





/P 



Fig 3l> 7 — -Median longitudinal section of an ovule of 
Puea itityfi tn. f j Embrjo-sac tilled with endo- 
sperm, r*, arcliHgonium showing \entml (o)and neck 
poition (0, nucleus of egg-cell, ju, nucellus, t*, 
pollen-giains , f, pollen-tubf* , s, m tegument , seed- 

w mcr 

plane , these by transverse divisions give 


Fi(i — i*. (> f* s F ertile 

scale wth two (>.) , i , pro 

loLcjat'ui s of the c‘teguirei*t of the 
♦ uules 7/, ecmr-scile 

( 7) 

ARCHEGONIA. Each ARCHE- 
gonium consists, as m the 
Ptendophytes, of a ventral 
portion containing the egg- 
cell, of a neck, m this case 
composed of fewer cells, and 
of a ventral canal-cell (Fig. 
367). 

Fertilisation is effected 
m the manner common to 
all Phanerogams, by the 
entrance into the arche- 
gonium of a male cell from 
the pollen-tube and its union 
with the egg-cell (Fig. 368, 
B, C) 

The nucleus of the em- 
bryo, arising from the fusion 
of the male and female 
nuclei, twice undergoes bi- 
partition, usually m the end 
of the egg-cell opposite the 
neck of the arehegonium, 
and thus four cells are pro- 
duced lying in the same 
rise to several tiers of cells. 
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The four cells of one of the uppermost tiers elongate into four long 
tubes, and push the cells destined to become the rudiments of an 
embryo deep into the tissue of the prothallium. From these, by 
further division, either a single embryo arises or, by the longitudinal 
division of the embryonic rudiment, four embryos are formed, only 



Fig 3GS — Ptcui nthjun * A, Egg-cell with nucleus (on) and \entral canal-cell (t 7) , JJ, egg-cell in 
process of fertilisation , on, nucleus of egg , sn, the male nucleus which has passed from the 
pollen-tube (p) into the egg-cell , 0, later stage, shoeing the two nuclei in process of fusion , 
D , lower part of egg, show ing two of the four nuclei , E , F , successi\ e stages, resulting mtthe 
formation of four rows of cells (two only visible) arranged m tiers ; G , the cells of the middle 
tier ha\e elongated and pushed the Iow’er tier of cells, which have undergone division, 4nto 
the endosperm (x 90*) 

one of which, however, attains its full development Even when 
several arcliegoma are fertilised, as is usually the case, the mature seed 
contains only one embryo, by which, in the course of its growth, the 
rudiments of all the other embryos have been supplanted. 

The EMBRYO of the ripe seed is provided with two or several 
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cotyledons. The prothallium, sometimes called the endosperm. 
envelops the embryo, and serving during germination as a nutritive 
tissue, contains a large amount of reserve material, such as albuminous 
substances, starch, and fat. The periphery of the seed is occupied by 
a hard or, in its outer portions, succulent sheath, which in some cases 
is surrounded by a cupular flesh}* aril. 

The fruit resembles the female flower, but it is much larger. The 
carpellary scales become woody after fertilisation, rarely fleshy and 
juicy. 

The GS-ymnosperms are all woody plants, with secondary growth in 
thickness. Their leaves are either simple, and then for the most part 
needle or scale-like, or they may be pinnate. 

Order 1. Cyeadinae 

This order includes the single family Cyeadaeeae. — Flowers 
dioecious, without a perianth, consisting of many spirally-arranged 
leaves ; staminal leaves with many pollen-sacs : carpellary leaves usually 
with two ovules. For the 
most part, unbranched, 
evergreen woody plants, 
devoid of true vessels and 
having mucilage DUCTS in 
all organs. Leaves LARGE 
AND PINNATE (Fig. 369). 

Many Cyeadaeeae re- 
semble the Tree-Ferns not 
only in their column-like, 
unbranched stem and apical 
rosette of large, pinnate 
leaves, but also in their 
dimensions, attaining some- 
times a height of 12 m ; 
in other cases the stems 
are shorter, resembling 
the Marattiaceae more in 
habit; they are tuberous 
and partially buried in the 
ground. The branching 
is limited to the flowering 
region, although sometimes adventitious shoots spring from the stem. 
In most species (e.g. Cycas) the stem is invested with a thick armour 
of woody scales, which are in part the basal portions of dead and 
fallen foliage-leaves, and m part scale-leaves (cataphylls), the develop- 
ment of which alternates periodically with that of the foliage-leaves. 

The flowers of the Cyeadaeeae • are always terminal ; the stem, 



Fig 360 — Cycas ic? olntu 1, Female tree , 2, carpellary leaf 
with o\ule& ; 3, staminal leaf, 4, seed (After TTossidlo ) 
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except in the female Cycas plants, is prolonged sympodially by a lateral 
branch, which crowds the flower to one side. The male flowers are 
cone-like, with numerous scale- or shield-shaped staminal leaves (Fig 
369, 3), which bear an indefinite number of pollen-sacs on their under 
side. The species of Cycas produce a single, apical, female flower, of 
which the carpel larv leaves are similar to the foliage-leaves, but on a 
reduced scale (Fig. 369, 2). In other members of this family the 
apex of the stem terminates m several cone-like female flowers with 
seale-hke leaves Two or more ovules, larger than a cherry, are borne 
on each carpel. They are atropous, and provided at the apex of the 
nucellus with a cavity, the pollen-chamber, in which the pollen-grains, 
which have been carried thither by the wind, accumulate preparatory 
to fertilisation The seed (Fig. 369, 4) resembles a drupe or stone- 
fruit in that the seed-coats are differentiated as an outer fleshy layer 
and a hard inner coat. The mealy endosperm envelops a two-leaved 
embryo attached to a coiled suspensor. 

The Cycadaeeae are all txopieal or sub-tropical plants, and are found m both 
hemispheres, but v itli a limited area of distribution of the individual species. At 
the pie. sent time they occur only in small numbers , but in earlier geological 
periods up to the Cretaceous, as is pioved by the extensive occurrence of fossil 
leniains, they formed a tonsideiable proportion of the vegetation of all zones 


Order 2. Comferae 

Flowers naked ; the male catkin-like with scale-like staminal 
leaves, bearing the pollen-sacs on the under side ; the female flowers 
and the fruit of varying and sometimes complicated structure. What 
is here designated, for the sake of simplicity, a single female flower is 
also spoken of as an inflorescence Freely branching, woody plants 
desiitute of true vessels, generally traversed in all parts by resin 
canals. Leaves simple, usually needle- or scale-shaped. 

Many Conifers are tall forest trees of a pyramidal shape, with mast- 
like, tapering stems, from which spring apparent’ whorls of horizontal 
and much-branched lateral shoots Frequently, when growing thickly 
crowded together, the lower branches fall off after a time, so that the 
stem becomes naked for the greater part of its height, and bears only a 
pyramid-shaped crown of upper branches. These may become finally 
more widely outspread, like the Mediterranean Pines {Pinas Pmea), or 
spread out horizontally, as m the Brazilian Araucarias {Aiaucarici 
brasiliensib). Comparatively few of the arborescent species deviate from 
the pyramidal form ; for example, the Cypress {Cupiessus sempei urens), 
with its erect branches The shrub-like species, such as the Junipers, 
on the contrary, are frequently irregularly branched and bushy. 

The male flowers are either solitary or aggregated m clusters ; they 
fall after attaining maturity like the catkins of the Willow and other 
Amentaceae, which they also resemble somewhat in structure without 
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morphologically being equivalent to them, since catkins are inflorescences. 
The stamens, which as a rule aie numerous, are scale- or shield-shaped, 
with two or more, rarely many (as many as twenty in Aiauwita), 
pollen-sacs on their under sides. 

The wide variations in the structure of the female flowers and the 
fruit constitute the distinctive characteristics of the different families 
into which the order is divided. 

Family Pinaeeae. — Female flowers, in the form of cones , the 
ovules arising m scale-like carpels, and ripening to seeds while still 
enclosed in them; seed-coats dry, without an aril (Figs. 370-373). 

The male flowers are capitate or cylindrical, frequently united m 
clusters. The female flowers consist generally of a spindle-shaped axis 



Fig 370 — Jttn t^nib « ornmniu* cf, Male flower , 2>, fertile shoot \\ *th. female flower , t , female flow pi 
with one scale bent out ot place , fruit — 0/ Fic/Wil (After Berg anti Schmidt, all uia^nihed ) 

with numerous, spirally arranged, imbricated scales. In the Juniper 
and its allies the flower is composed of only a few verticillate carpels. 
In many genera the carpels are simple (J limpet us, A path is) , in others 
they have a scale-like outgrowth on the upper side ; in other cases, again 
(Abietoideae), two scales are present, lying one above the other, the 
uppermost of which, the fertile scale, bears the ovules and is 
situated in the axil of the other, the cover-scale (Fig. 366) 

According to this description, both scales of the Abietoideae aie regarded as 
parts of a deeply-divided leaf, resembling somewhat a feitile leaf ot QpJaoglossum 
In conformity with this view, the original condition would be lepresented by the 
carpels of Agutins The first beginning of the division is represented by the out- 
growths of the scales m the case of the Taxodioideae and Araucarias, and the com- 
plete division is represented by the two scales of the Abietoideae. On the other 
hand, it has also been held that the fertile scale is a flattened branch or cladode, 
m the axil of a subtending bract, both of which have become fused together m the 
Taxedioideae and Araueanas 

Two ovules, less frequently only one or a larger number, spring 
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from the basal portion of the fertile scale, on the upper side ; but in 
the Cupressoiclecte they are axillary, arising from a cushion-like swelling 
During the modification of the flower in the formation of the seeds, 
the scales in most cases become lignified, and the fruit, familiarly known 
as a cone, is thus produced. In some less frequent cases the fruit 
resembles a berry in form. 


Sub - Families. — (1) Cupressoideae. Leaves opposite or in whorls; carpels 
simple ; ovules axillary, erect. Juniperus (Juniper), Cupressus (Cypress), Thuja 
(Aibor Vitae). (2) Taxodioideac * Taxodmm (American Cypress), Sequoia. (3) 
Araucnrioideae : Araucaria , Ayathis. (4) Abietoideac. Leaves spiral; carpels 
divided into cover- and fertile scale ; ovules attached to the fertile scale, inveited 
Abies (Silver Firs), Picca (Spruce Firs), Lamx (Larches), Pmus (Pines) 

Representative Species. — Jumperus communis (Common Juniper, Fig. 370). 
Shrubs vith needle-shaped leaves arranged m whorls of three, and ha\ing a resinous 



Fig 371 — -Abies nlba a, Male flow ei ; /and/t, sporo- 
phjlls, b, cone; c, carpel, viewed from below 
(dorsal surface), showing the fertile and covei- 
scale , <7, the same viewed from above (ventral 
■surface). (After Berg and Schmidt ; a, c, d, nat 
size , b, reduced ) 


bloom , female flowers consisting of 
three scales, each with an axillary 
ovule ; scales of the lipe fruit succu- 
lent and united, forming a berry 
Abies alba, the Silver Fir (Fig. 371) 
Lofty forest trees upwards of 65 m. 
in height, with a silver-grey baik 
when old, crown pyramid -shaped, 
with horizontally extending, elon- 
gated branches ; leaves needle-shaped, 
flattened on the under side, with two 
bluish -white longitudinal lines m 
addition to the middle nerve, dis- 
placed on the lateral branches in two 
comb-like rows on each side of the 
axis. The flowers are axillary and 
appear m May at the tips of the 
branches ; the male flowers are cylin- 
drical, some 20 mm. long, and bear 
numerous spirally -arranged stannnal 
leaves, each having on the under side 
two pollen-sacs opening by a longi- 
tudinal slit (Fig 371, a) ; the 'female 
flowers are oblong -cylindrical, about 
6 cm long, and consist of closely 
aggregated cover, and fertile scales 
arranged spirally on a spindle-shaped 
axis. The cones (5) are erect, their 
pointed cover -scales are much nar- 
rower but longer than the fertile scales 
(c, d), and, m consequence, they are 
visible externally. At maturity the 
scales, together with the seeds (c, d), 


become detached from the axis and fall to the ground. Picea excelsa, the Norway 
Spruce, resembles the Silver Fir m size and appearance. The needles are four-sided, of 


a uniform colour, and point in all directions, but frequently bending to the right and 
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left, appear as if ananged m eomh-Iike i ow - The cone-* aie ttna.na^ ami pendent , 
at maturity the seeds drop out and the cone-, tin u fall off entire i training tin u 
scales. The cover-sealer are \ ery small, and not visible externally. Putt's sut*s- 
the Scotch Fir, a foie»t tree upwards oi 40 m. high with a dome-shaped crown. 
The needles are borne m pairs on greatly shortened lateral axes, or dwarf-shoots 
(spurs), provided with scale-like leave* The male flow* rs 'Fig. 872, 1, ft), externally 
like those of Abies , spring closely ciowded together fiom the summit of elongated 
shoot* winch, by continued growth, become prolonged beyond them producing 
leafy dwarf- shoots. The female flowers aie at first spherical and of a reddish 



Fig S72 — Pam's ; 1, Branch with male (*») and female (o) m ttoi Licences , c, tone* e7, 
needles 2, staimnal leaf, e, Mewed from the side, 6, from below 3, carpel , * Mewed hum 
above, b , liom below 4, fertile scale with the two seeds (e) seed-wrnig (b), seed(f) o, seed 
m longitudinal section — OjtuciSAL (Alter Wq^sidlo ) 

colour (1, b) The cones (1, c) have veiy small cover-scales, but long woody fertile 
scales, thickened at the ends m rhombic areas, the apophyses As in Picea excelsa , 
the cones fall off entire, alter the seeds have fallen Lai ix ciuopaca , the 
Euiopean Larch, is particularly distinguished by its deciduous leaves, winch aie 
borne m clusters on short spurs. 

Geographical Distribution — The Pinaceae inhabit chiefly the North Temperate 
Zone, where many species form by themselves w idely extended foiests. In eountiies 
hoi dering on the Northern Pacific, particularly m China, Japan, and California, 
they exhibit their most varied development W itli the exception of the Australian 
Eueahjjjtus , the giant tiees of California, Sequoia yiyaatea , with stems over 100 m. 

2 H 
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lngh and 12 in xn diametei, attain the greatest height of any tiees xn the world 
Germany possesses only a few species of Conifers, some of which, however (e g 
Pinits sihestns, Pina r.rn occur so abundantly that they constitute a large 
part of all the vegetation The Silver Fir forms laige woods m the Yosges and 
the Black Forest, but otherwise is lare The common Juniper is also everywhere 
common on sandy soil Pams monfuna, Pinus Ccnibra (with three or five needles 
on each spui,;, Lunx evtopaen , and Jumpcrv s Submit are also found m Germany, 
but except P montnna, they occur only m the Bavarian Alps 

Many Puiaceac are cultivated m Germany on account of their beauty or economic 
value. In addition to the indigenous species, the following examples may he 
mentioned • Pinus Strains, We} mouth Pine (Noith America) , Tftuja occidentahs, 
Amenean Aibor Yitae , Cedi us Libani, Cedar of Lebanon , various species of 
At ciiaui hi, from the temperate rone of the southern hemisphere. 



Fig 37 J —Juiuiiei vs kabtna branch with fruit —Officixal and Porsoxors 

Poisonous. — Jumperus Salma, a monoecious shrub with bloom- like branching 
and scale, not needle-shaped, leaves It grows wild in the Alps and is frequently 
cultivated in gardens (Fig. 373) 

Officinal. — Agathis loranthifuha (Indian Archipelago) supplies Resina damae , 
Jumperus communis, Fructus Juniperi and Lignum Junipeui ; Jumperus 
oxyecch us, Oleum cadinum ; Jumper us Salma, Herba or. Summitates Sabinae , 
Larix europaca, Terebinthin a veneta , Lai tx sibvrtca (North Russia, Siberia), Pix 
liquiua. Fiom different species of pines, as P silvesti is, P australis, P. Lai mo, 
P. Pinaster, P Tacda, etc , and also from Abies alba are derived Terebinthina, 
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CuLOPHuNIUM, Ol. ILULDIXIHINAi , PlX IIQUIDV, from P^tUS Pu O O* . PlXI 
mviiLiONi*. 

Family Taxaeeae — Formation of cones imperfect, the ovules 
project BEYOND the carplls, or the latter may be absent , the upe 
seed possesses an aril, and some- 
times also a succulent seed-coat 
(Figs. 37*4, 375). 

Ttt t us bawatn, the Y^ew (Fig> J7 4 
#75), is an evergreen tree de%oid or 
resin, sometimes attaining a height 
of 10 in. The shoots are all elongated 
and bear flat needles, arranged right 
and left, m two ranks. The male 
flower is axillary and consists of ten 
shield-shaped stammal leaves united 
in a spherical head surmounting the 
apex of a short stalk beset w ith scales 
below. The female flower also termi- 
nates the apex of a ^eaiy, axillary 
stalk. The stalk, however, m this 
case is composed of a lower poition 
ending blindly, the primary shoot 
and an upper lateral secondary shoot, 
which teimmates m a single erect 
ovule Carpels are wanting The 
ripe seed is enclosed in a red cupulai Fia s74 _ r , v „, tl „, rata bianch , lth npe seeJ , 
aril (Fig 274). (f nat si^e ) — Porsoxocs 

Geographical Distribution — 

The Taxaeeae glow for the most pait m the southern hemisphere. Gialctjo blloba 
(. (Salisbury a adiantifoha ), sometimes found m cultivation, is indigenous to Eastern 
Asia. In appearance it resembles a foliage tree, and is characterised by its fan- 
shaped, deciduous leaves, which are cleft dichotomously. The seeds aie about the 
size of a plum and have a succulent coat 

Poisonous — The young shoots and the seeds of Taxus baceata , the red 
enveloping aril, however, is harmless, and often eaten by children 

Order 3. Gnetineae 

One family : Gnetaeeae — Flowers with perigone , woody plants, 
without resin, and with true vessels. 

In the presence of a perigone, which, however, is very small and 
insignificant; m the indication of a union of the sexes, in an in- 
florescence in the case of Gnetum, in a female flower of TFeluitsthw . 
in the possession of true vessels in the wood and sometimes of 
reticulately-veined leaves (Gnetum), the Gnetaeeae show a resemblance 
to the Dicotyledons, and may accordingly be regarded as the most 
highly developed of all the Gymnosperms 

The three genera included m this family differ considerably from each other 




444 


BOTAXY 


PART II 


The species Ephedta , found in the Mediterranean region, are shrubby plants with 
slender branches devoid of foliage-leaves The genus Giietwn (Tropical Asia and 
America) comprises trees and lianes with large reticulately- veined leaves. The 



rio 375 — bcHctrfa J., Branch with female floweis. two ovules on the ^ame shoot (nat 
size); 2> s leaf with axillary, fertile shoot (X 2), C, median longitudinal section of a primary 
and secondary shoot, i, vegetatne cone of the primary shoot; a, rudiments of the anl , <?, 
ludiment of the embryo-sac , n, nucellus , *, integument , wi, nucropyle (x 4$) — Poisoxocs 

only species of the third genus, Welwitschia mirabihs (South-west Africa^? one of 
the most wonderful of all plants, has a thick, short, ovoid stem, which gives rise to 
only two band-shaped leaves over a metre long , as they continue to grow at the 
base, the leaves gradually die at the apex, and are tom into segments. 


Class II 

ANGIOSPERMAE 

The Angiosperms constitute by far the greatest part of the vege- 
tation of the earth. All grasses, herbaceous plants and shrubs, and, 
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with the exception of the Ferns, Horse-tails, and Club Mosses, all our 
foliage trees belong to this class. Varying m size from plants like 
iroltjta orrhivt, no larger than the head of a pm, to the Euenbi^tu- 
trees of Australia with a height of 140-150 m., they exhibit a great 
diversity of external form, greater than in any other class of the 
vegetable kingdom. 

The greatest variety of form appears, however, in the structure of 
the flowers It is the flowers that distinguish the Angiosperms so 
markedly from the Gymnosperms, and, together with the fruit and 
seeds to which they give rise, they furnish the most available means of 
classification. 

Little of general application can be said concerning the vegetative 
organs , they will be considered more m detail m treating of the 
separate sub-classes, orders, and families. Decided differences between 
the external differentiation of the Angiosperms and the Gymnosperms 
are not apparent. As regards their internal structure, the Angiosperms, 
in contrast to the Pteridophytes and almost all Gymnosperms, possess 
true vessels, except m the case of certain Minntohnnue, which m their 
secondary growth resemble the Conifers (cf. p. 128) 

The Flower 

While the Gymnosperms have only simple, inconspicuous flowers, 
in "which a perianth is either entirely absent or only represented by 
scale-like eataphylls, the flowers of the Angiosperms have a more com- 
plicated and varying structure, and m most cases are provided with a 
well-developed, coloured perianth. This difference m the character 
of the flowers of the two classes is due, m great measure, to the modi- 
fications which have arisen in the flowers of the Angiosperms during 
their transition from wind- to insect-pollination (cf. p. 281). The 
involuntary intervention of insects m transferring the pollen from 
flower to flower disturbed the formative force of the flowering region, 
and called forth that wonderful degree of adaptation displayed by the 
flowerg of so many Angiosperms, rendering them the most remarkable 
structures in the vegetable kingdom 

Although the influence of the insect-world upon the formation of 
the flowers is perceptible in the great majority of Angiosperms, the 
pollination of a few of the lower groups is still effected by the wind ; 
others again have returned to that condition, or have, although rarely, 
resoited to self-pollination. In such cases the flowers are inconspicu- 
ous and odourless, for both colour and perfume are only of use to plants 
as a means of enticing insects. While the possession of conspicuous 
or sweet-smellmg flowers is a sure indication of the Angiospermic 
nature of a flower, it must not be concluded, conversely, that plants 
with insignificant flowers do not belong to the Angiosperms. 

Morphology of the Flower. — In contrast to the Gymnosperms, 
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the Angiosperms have for the most part hermaphrodite, cyclic flowers 
provided with a perianth. The perianth generally consists of two 
whorls of floral leaves unlike m appearance, and distinguishable as 
calyx and corolla. The calyx, the outer whorl of the perianth 
(Fig. 357, J;), functions, as a rule, as a protective organ to the mner 
parts of the young flower while still m process of development The 
leaves of the calyx, or sepals, accordingly appear early ; they resemble 
foliage-leaves in colour and structure, as it would be of no advantage to 
the young flower, sometimes, on the contrary, a detriment, if they 
were too conspicuous. 

The corolla (Fig 357, c), on the other hand, is often brightly 
coloured, so that, even from a distance, it is clearly distinguished from 
the green foliage. At first concealed in the bud, either enclosed by the 
calyx or of a green colour, the corolla only attains its full purpose and 
development when the sexual organs have arrived at maturity and 
require the co-operation of insects. This condition is indicated by the 
opening, or anthesis, of the flower. The corolla functions not only 
by means of its colour, but also frequently by its shape and position 
(cf. p. 283), in the service of pollination. The leaves of the corolla 
are termed petals; the mode of their arrangement in the bud 
(estivation, see p 37) is of systematic value. 

"While m most flowers of Angiosperms the perianth is double, 
consisting of a green calyx and a corolla of another colour (hetero- 
clilamydeous), there are exceptions to this rule. Sometimes the flowers 
have only a simple perianth ( mo noch lamydeous) , or both whorls of a 
double perianth may be similar (homochlamydeous). In such cases it 
is customary to speak of a PERIGONE, designating it as calycoid 
(sepaloid) when, as in the Nettle, it is green or insignificant, corolla- 
ceous (petaloid) if it is conspicuous and coloured like the simple floral 
envelope of Clematis or the double one of Colchicum or Crocus. The 
separate leaves of the perigone are termed petals. 

As an additional exception to the usual structure, the less frequent 
case may be mentioned in which, as in Aconitum , the calyx is highly 
coloured while the corolla is inconspicuous. ^ 

The leaves composing the whorls of the perianth may be free or 
united In the former case the perianth is spoken of as polyphyllous 
(also chorisepalous, choripetalous, dialysepalous, dialypetalous) ; in the 
latter case as gamophyllous (also gamosepalous, gamopetalous, sym- 
petalous) The upper margin of a whorl of united perianth-leaves is, 
as a rule, divided into as many teeth or lobes as the number of leaves 
which enter into its formation. 

The use of the term gamophyllous does not imply that the leaves were origin- 
ally separate and have subsequently become coherent in the course of their onto- 
genetic development. On the contrary, the leaves forming such united perianth- 
whorls have all arisen from one undivided wall-like protuberance of the floral 
axis. 
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Fig 87 b — A and IS, anterior 
and posterior view of a sta- 
i ien oi HifO't ifiutivs a v# / # 
/, the tilaiu^nt , j> } anther , 
* , connects e (magnified) 


Flowers unprovided with an enveloping perianth are termed 
NAKED ( 1 1 chin my* Joins ) ; such are of rare occurrence among the Angio- 
sperms (e.g. the Grasses, and Piptraeeac). 

The anprcecium of most Angioaperms consists of filiform, 
staminal leaves, the stamens, which bear no resemblance to ordinary 
foliage-leaves. In each stamen there mav usuallv be distinguished a 
slender stalk-like portion, the filament, surmounted by an anther 
containing four pollen-sacs. The anther gener- 
ally consists of two swollen halves termed the 
THEC.E, parallel to the axis of the filament, and 
each containing two pollen-sacs (Fig 376). 

Each theca usually dehisces, by a longi- 
tudinal slit so situated along the partition walls 
between the two pollen-sacs that it is common 
to both (Fig. 338, A) In less frequent cases 
the dehiscence of the anthers is effected by 
means of pores or bj openings with valves. 

According to the position of the thecas, whether 
on the inner (ventral) or outer (dorsal) side, the 
anthers are designated respectn ely INTRORSE or 
EXTRORSE 

The part of the anther uniting its two 
thecie is termed the connective. It usually 
consists merely of a thin plate of tissue (Fig. 376, C); sometimes, 
however, it is more distinctively developed, as in Saltia (see Fig 219), 
where it is rod-shaped, projecting obliquely from the apex of the 
filament, or as in the Violet and some of the Ericaceae , in which it 
forms horn-like spurs. 

The pollen-grains are variously shaped, dry and smooth where 
pollination is effected by the wind, but more or less sticky or spinous 
when adapted for entomophilous pollination. In some cases they 
cohere in tetrads or m larger groups (Fig 359). 

The stamens, although generally quite free from each other, are 
sometimes coherent into several bundles, as in Hypericum ; or, as in 
Ononis, into a tube, or into a column, as in the case of Cucurbita. The 
cohesion may extend throughout their whole length (e g Cucurbita ), or 
it may be restricted to the filaments (e.g. Malvaceae). 

By the branching of the stamens an appearance is produced 
similar to that resulting from their fusion. It is often only possible to 
determine which may be the case by a comparative study of their 
mode of development in allied forms. Sometimes the branched char- 
acter of the stamens is indicated by the fact that the anthers 
each contain only one theca, and appear to be halved. Undoubted 
examples of branching are afforded, for instance, by the flowers of 
Ricinus, with tree-like, branching stamens, or by those of the Malvaceae, 
m which the stamens are coherent below and branched above (Fig. 377). 
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The androecium springs directly from the floral axis, or it is 
adnate to other portions of the flower, in particular to the perianth. 

Great -weight was formerly attached by systematists to the mode of insertion of 
the andrcecium. It was then customaiy to distinguish Thalavmflorae, Corolli- 

fiorae, or Calyciflorae , according as the stamens 
were inserted on the receptacle, the corolla, 01 
the calyx Calyciflorae, as a matter of fact, do 
not occur, as m such cases the supposed calyx is 
in reality the expanded floral axis. 

The term staminodes is applied to 
sterile members of the andrcecium which 
produce no pollen, and are either abortive 
and functionless (eg Linum) or are peta- 
loid m appearance, and serve as organs 
of attraction (e.g, Zmgiberaceae). Phylo- 
genetically they are to be regarded as 
e P ieaiy\ , b, cai>x, c, coioiia , d, derived from normal stamens, 
andrcecium (After Berg and The GYNCECIUM IS always the ter- 

Schiudt, magnified ) minal structure of the flower, occupying 

the apex of the floral axis It is either composed of separate 
members, apocarpous (Fig. 378, A), or the members are united, 
syncarpous (B, I ) ). In the first case the margins of each carpel 
are so joined together that each forms a distinct ovary or closed 
cavity containing the ovules The carpels of a syncarpous gyn- 




Fig 3TS — Different forms of gyncecia A, Of Acomtum Napellus, B , of Linnim usitatissimum , C, of 
A uottctna iu&tica D , style and stigma of Achillea Millefolium , /, oiary, g , style, stigma 
(After Berg and Schmidt, magnified ) 


cecium, on the other hand, are coherent and form collectively a single 
ovary, which may be either plurilocular when the coherent margins 
of the carpels extend to the axis, or unilocular if the carpels cohere 
simply by their edges, and do not turn inward, or only slightly. 

The double walls or dissepiments of a plurilocular ovary, formed 
by the inwardly projecting margins of the coherent carpels, are dis- 
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tinguished as true, in contrast to the false dissepiments which, in 
rare cases (e g. Lcibicitae), are produced by ingrowths from the internal 
surface of the carpels 

The ovary is prolonged upwards as a neck-like style, expanded at 
the apex into a stigma, which may be of various shapes. The whole 
organ, consisting of ovary, style, and stigma, is termed the PISTIL. 

A completely syncarpous gynoecium possesses but one ovary and 
one stigma (Fig. 378, C ). The cohesion of the carpels may, however, 
be restricted to the basal portions in such a way that the ovary bears 
as many separate styles, or a style as many stigmas, as the number of 
carpels united m the ovary ( B , D). The reverse case, in which only 
the upper portions of the carpels cohere, and not the lower, occurs only 
in the Apocynaceae and Asclepiadaceae. 

The style exhibits great variation in length and thickness. It is, 
for example, long and filiform m Crocus , short and thick in Tulipa. It 





Fig 370 — A, panetal , J3, axile , C, free-central placentation A and B in transverse section, 

C m longitudinal section (Diagrammatic ) 

is either traversed by an axial canal or filled with a loose parenchyma 
The stigma may be disc-shaped, ellipsoidal, capitate, bifurcate, or more 
rarely, as m Iris, corollaceous. Its surface is generally velvet-like, 
covered with papillse, and is moist and sticky. 

The ovules are always enclosed in the cavity of the ovary. They 
are developed, as a rule, from the margin of the carpels, and are there- 
fore m unilocular ovaries parietal (Fig 379, A), in plurilocular, axile 
or axillary ( B ). 

Sometimes a departure from this mode of development of the 
ovules is exhibited, and the placentation instead of being marginal is 
superficial , the ovules are distributed, as in Butomus, over the whole 
inner surface of the carpels. In other cases, again, the placentation is 
free-central and the ovules appear to be produced from the floral axis 
itself, as m the orders Cent) ospermae, so called on account of this 
peculiarity, and in Pnmulmae (Fig. 379, C). In the last case, the 
anomalous position of the ovules is attributed to the disappearance of 
the dissepiments, or to their coalescence and displacement. 



450 


BOTANY 


PAHT II 


The position assumed by the ovules themselves m the cavity of the 
ovary may he erect (e.g Polygonum, Fig. 388), hanging {eg. Umbelh- 
ferae. Fig. 380), or horizontal {eg. Delphinium, Fig. 381) The 



Fig 3S0 — Ovary of Foemculum officinale 
m longitudinal section (After Berg 
and SchatidTj magnified ) 



Fig 381 — Trans\ erse section of an ovary of Delphinium 
Ajacis, showing ovule placed horizontally , s, 
ovule , placenta ; o , wall of ovary , v, vascular 
bundles (x 18) 


raphe is ventral when it is turned towards the placenta, dorsal 
when turned away from it. 

The flower-axis (receptacle, torus) is usually thicker than the 
flower-stalk, of which it occupies the apex. It frequently expands by 
intercalary growth between the androecium and gynoecium, into a 
disc, cupular, or urn-shaped body, which affects essentially the general 
appearance of the flower In the simplest cases the flower-axis is 
club-shaped, and the floral whorls succeed each other in tiers. Such 
flowers are said to be inferior or hypogynous ; their ovaries, superior 
(Fig. 382). When the axis is developed as a concave receptacle, so 



that the gynoecium is inserted at the same height as the androecium 
or lower, but free and not coalescing with the axis, the flower is 
PERIGYNOTTS, the ovary half-inferior (Fig 383, 2); but if the ovary 
is adherent to the axis, it is described as inferior; the flower as 
superior or epigynous (Fig. 383, 3) Only the internal portion of an 
inferior ovary formed by the carpels is accordingly homologous, with a 
superior or half-inferior ovary. Transitional forms between these 



different modes of insertion of the ovary frequently occur; thus a 
flower may be slightly perigynous (many Leguminosae ) or imperfectly 
epigynous. 

The flower-axis can, in addition, by the formation of outgrowths of 



■^ig 3S3. — Different flowers belonging to the family Rosaeeae, cut through longitudinally. 1, 
Potentilla palusti is, hypogynous , 2, Alcliemilla cilpma , pengynous , 3, Pints Malus , epigynous, 
(After Focke m Nat Pftansen-famihen , magnified ) 


different natures, essentially modify the structure of the flower These 

accessory structures are sometimes large and corollaceous, as in 

Passiflora, (Fig. 489), but they are usually inconspicuous and confined to 

the DISC. The latter constitutes either a continuous ring or a circle of 

glands or scales, occupying generally a position 

between the andrcecium and gynoecium (Fig. 384). .JL 

The disc usually secretes a sweetish fluid, and is //f 

then termed a nectary, in consequence of its ll J 1 A I 

biological function. Other parts of the flower, V/|f\ Ml 

the petals for instance, may be developed as 

nectaries ( Acomtum , Fig. 462). c 

Arrangement and Number of the Floral rlr a 

Leaves. — In some Angiosperms, as in most LJf 

G-ymnosperms, the floral leaves are all or in part fig. 3S4 —Flower of v%nu$ 
arranged spirally. Flowers m which the spiral mm/era a, calyx; &, 

arrangement of the leaves prevails, as, for ex- Stwiu the^tSSf, 

ampl£, is generally the case in the Ranunculaceae, a, e, gynoecium (After 

are termed acyclic mTmneT? ScHiUDT ’ 

In a large majority of Angiosperms the flowers ^ 

are cyclic, and have their leaves arranged in whorls. Most frequently 
five successive whorls are present, alternating regularly with each other. 
Of these, two belong to the perianth, two to the andrcecium, and one 
to the gynoecium. Flowers constructed after this type are described 
as PENTACYCLIC (Fig 385). 

The number of parts in a whorl is usually the same in the 
perianth and andrcecium — in Monocotyledons generally three, m 
Dicotyledons five. This uniformity in the number of members m the 
whorls may also extend to the gynoecium ; but, as a rule, particularly 
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in Dicotyledons, the number of carpels is smaller. The number of 
members in the whorls of the perianth, androecium, and gynoecium is 
indicated by the terms di, tn, tetra, pentamerous, etc 

A TYPICAL ANGIOSPERMOUS FLOWER IS CONSTRUCTED OF FIVE 
ALTERNATING ISOMEROUS WHORLS, OF WHICH TWO BELONG TO THE 

PERIANTH, TWO TO THE ANDRCECIUM, AND ONE 
TO the gyncecium. Flowers varying from this 
type have either continued in an undeveloped 
stage, as those of the amentaceous plants, or, like 
the acyclic flowers, they belong to a family which 
has been separated from the main line of descent, 
or they have been subsequently modified from the 
normal type in the course of phylogenetic evolu- 
tion, like the flowers of the O') ckidaceae and 
Labmtcie. 

Only such variations from typical Angiosperm 
flowers are mentioned in this general summary as 
may have arisen by subsequent modification. To 
avoid repetition the other special cases will be considered later m the 
detailed description of the single flowers 

A simple and not infrequent variation from the normal structure 
is presented m flowers m which the stamens of the outer whorl are 
opposite the petals, and those of the inner whorl opposite the sepals. 
An androecium of this character is termed obdiplostemonous, as 
distinct from the typical diplostemonous arrangement of the stamens 
Another of the more common variations from the original type is 
due to the multiplication of the whorls (pleiotaxy), often occurring 
m the androecium (Hose), less frequently m the perianth (. Berbens ), very 
rarely m the gyncecium ( Punica Granatum ). 

A variation of even more frequent occurrence results from the 
diminution of the number of whorls (oligotaxy). This is often 
shown in unisexual flowers, although by no means in all cases, as 
the missing organs may be represented by reduced and function- 
less parts, as in the similar case of the mammary glands of male 
mammals Thus in the female flowers the place of the stamens 
is not uncommonly occupied by sterile staminodia In hermaphrodite 
flowers also a reduction of the number of whorls is often shown The 
occurrence of flowers with a simple perianth has already been mentioned ; 
flow r ers with a simple androecium are still commoner 

Such examples cannot, in all cases, be attributed to a reduction 
from the normal pentacyclic type. On the contrary, they often 
represent a primitive, more simple type (e.g. the flowers of the Nettle 
and its allies) The absence of a whorl may only be referred to its 
suppression, when such a conclusion is corroborated by other evidence, 
such as, for example, may be derived from a comparison of allied 
forms, as in the case of the Orchidaceae, m which the androecium is 



Pig SS5 — Diagram of 
a pentac > clic floTv er 
(Liltum) 
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represented sometimes by an outer, sometimes by an inner whorl, 
while the perianth and gynoecium at the same time exhibit the highest 
stage of development. 

Flowers in -which the androecium is formed by a single complete 
whorl are said to be haplostemonous. 

In addition to the number of the whorls, the number of the 
members composing the single whorls is subject to variation, and is 
due similarly, m many if not in all cases, to their subsequent diminu- 
tion by reduction or to their multiplication by splitting. 

A decrease m the number of the floral leaves of a single whorl (oli- 
gomery) is most frequently met with in the gynoecium, which, in flowers 
with a pentamerous perianth and androecium, has usually but three or 
even two carpels. Next to the gynoecium a suppression of one or more 
members of a whorl is most frequent m the androecium, while the 
perianth rarely consists of incomplete whorls {Polygala). Multiplication of 
the members of a whorl (pleiomery) occurs most often in the androecium, 
less frequently in the gynoecium (Malva), still less frequently in the peri- 
anth (D) yas octopetala ) Flowers with incomplete whorls, resulting un- 
questionably from suppression, are met with, for example, in the family 
Swophulamacecte , in which the genus Verbascum possesses five fertile 
stamens, while in Sen ojphulana the posterior stamen is represented 
only by a staminodium, and in most of the other genera it is altogether 
absent The origin of a pleiomerous whorl from one consisting of 
fewer members is equally well shown m the flowers of Tilui, where the 
numerous stamens are arranged m five groups, which occupy a corre- 
sponding position to the five simple stamens of allied forms 

The Symmetry of the Flower — The flowers of Angiosperms are 
sometimes actinomorphic (radial), sometimes zygomorphic (mono- 
symmetrical), or, more rarely, asymmetrical. 

Radial flowers exhibit probably the more primitive structure, since 
m them the arrangement of the members varies less from that of the 
vegetative region. The derivative origin of zygomorphic flowers is 
apparent in their more complicated structure, metamorphosis, and reduc- 
tion ^ Zygomorphism is always indicative of a high degree of adapta- 
tion to insect-pollination 

A flower is LONGITUDINALLY zygomorphic when the plane of sym- 
metry coincides with the median plane of the flower, viz. the plane 
passing through its axis and the axis of the main stem (e.g. Oi chidaceae , 
Labiatae ) , obliquely zygomorphic when it cuts the median plane at 
an acute angle ( Aesculus ) ; transversely zygomorphic when it cuts 
the median plane at right angles (Fumamaceae). The first is by far 
the commonest. Occasionally a plant which otherwise possesses only 
zygomorphic flowers produces others of a radial structure. Such ex- 
ceptional radial flowers are termed PELORIA, and are regarded as 
the result of reversion to the primitive type 

Floral Diagrams and Formulae. — The number and arrangement 

2 I 2 



454 


BOTANY 


PAK.T II 


of the floral leaves are most clearly represented by means of diagrams 
or formulae. The manner in which such diagrams may he constructed 
has previously been explained (p. 39) In a floral formula the 
single whorls are indicated by letters, the number of their members by 
corresponding figures, or, when their number is large or indefinite, 
by co . The uni on of parts is expressed by ( ), superior and inferior 
ovaries by a line above or below the corresponding figure, zygomorphism 
by f. 

Of the letters employed in such formulae, K = calyx, C = corolla, 
P = perigone, A = andrcecium, G = gyncecium. The following are ex- 
amples of floral formulae. 

Lily . . . P3 + 3, A3 + 3, G (3). 

Buttercup . K 5, C 5, A oo , G co 
Apple Blossom . K 5, C 5, A oo , G (5) 

Digitalis . . . f K 5, C 5, A 4, G (2). 


Fertilisation and its Results 


v ~ The Sexual Generation. — The male prothallium of the Angio- 
sperms, like that of the Gymnosperms, consists of a small antheridial 
and a large vegetative cell, not separated, however, by a partition wall 
(Fig. 386). The antheridial cell divides ultimately into two naked 
■generative cell s. 

The ovule contains one embryo-sac, very rarely more. Within the 
embryo-sac only six cells are produced, and not, as 
in the Gymnosperms, an enclosed tissue consist- 
ing of numerous cells. These six cells, which 
remain naked until fertilisation takes place, 
arrange themselves in two groups at the poles 
of the embryo- sac, each group consisting of three 
cells. 

The group of three cells at the micropylar end 
of the embryo-sac constitutes the EGG-APPA&mjs 
(Fig. 387). It comprises the egg-cell and two 
synekgidas, so designated because, although 
remaining sterile, they are apparently of assistance 
in the fertilisation of the egg-cell. The cells at 
the other pole of the embryo-sac fulfil no apparent 
function. They are termed antipodal cells. 



Fig SS6 — Tradescantia 
vn gimca Pollen- 
gram after division 
into an antheridial 
and vegetative cell 
(X 540) 


Egg-apparatus and antipodal cells are together regarded, probably correctly, as 
a very reduced prothallium, homologous with the undoubted prothallium developed 
m the embryo-sac of Gymnosperms In support of this view, however, there is as 
yet no phylogenetic evidence. The development of the cells takes place somewhat 
as follows. 



SECT II 


PHANEROGAMI A 


455 


The nucleus of the embryo- sac divides into two Of these, one moves towards 
the upper micropylar pole, the other towards the lower or chalazal pole. Each 
nucleus then gives rise by repeated division to four nuclei, around three of which 
protoplasm becomes aggregated, while the remaining two nuclei, withdrawing 
towards the centre of the embryo-aac, meet and fuse into the definitive or secondary 
nucleus of the embryo-sac 

The three naked cells at the micropylar end develop into the egg-apparatus, 
the three at the chalazal end into the antipodal cells 

Fertilisation — From the pollen-grams conveyed to the stigma by 
the wind or by means of insects, pollen-tubes are developed which 



Fig 3S7 — OtcJus pctfteiib, ovule /, Fum- Fig 3SS — Ovary of Polygonum Convolvulus during fertil- 
culus*? n, w, integuments , m, micro- isation fs, Stalk-like base of ovary , fa, funiculus , 

pyle , r, raphe , l, air -cavity, os, cha, chalaza, nu, nucellus , nn, rmcropyle , n, 

egg-apparatus, a, antipodal cells, inner, te , outer integument, e, embryo -sac, el, 

e, embryo -sac with nucleus, n nucleus of embryo-sac , ei, egg-apparatus , an, anti- 

(Magnified > podal cells , g, style ; n, stigma , p, pollen-grams ; 

ps, pollen-tubes ( x 48 ) 

penetrate the canal or loose parenchyma of the style (Fig. 388) The 
tubes increase in length until one comes m contact with the synergidse 
(Fig. 389). One of the generative cells is then transferred through 
the synergidse into the egg-cell, whereupon fertilisation is effected, as 
in all cases, by the fusion of the two cells After fertilisation has 
taken place, the synergidse undergo dissolution, _ apparently being 
absorbed by the fertilised egg. The egg itself becomes invested with 
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a cell-wall, and ultimately elongates into a tube, the proembryo, 
which divides transversely into one or more cells 

Development and Structure of the Seed 

The embryo is developed, for the most part, from the lowest 
cell of the proembryo derived from the fertilised egg (Fig 390). It 




Fig 390.— Stages m the development of the 
embryo of Ccipsella buisa pctstons (A-D) 
lb, Hypophysis, et, suspeusor, c, coty- 
ledons , p, plumule (After Hanstein, 
magnified ) 


is represented at first by a multicellular sphere terminating the filiform 
SUSFENSOR, and becomes differentiated, generally before the seed is 
npe, into a radicle, hypocotyl, and one or two cotyledons. There are 
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cases, however, where the embryo retains in the ripe seed the form 
of an undifferentiated sphere (eg. Orobranche , Orchidaceae) . 

The number of cotyledons developed is, as a rule, constant and 
furnishes the most characteristic, although by no means the only method 
of distinguishing the two divisions of the Angiosperms, which are 
accordingly termed Monocotyledons and Dicotyledons 

The embiyo shows so much vanation, not only m both divisions of the Angio- 
speims, but within the different families, that no general scheme of embryonic 
development can be given In many Dicotyledons, for example m Capsella bui'sa 
pastons (Fig 390), where the development of the embryo is paiticularly easy to 
follow, the end of the proembryo farthest removed fiom the micropyle is converted 
into a row of cells by the formation of transverse walls The terminal cell expands 
into a sphere, and, undergoing division, becomes divided into octants. Each octant 
cell is further divided by penchnal walls into an 
outer and an inner cell The outei cells form the 
epidermis , the inner, by continued division, give 
rise to the fundamental tissue and the vascular 
bundles The upper half of the sphere develops into 
the cotyledons and plumule, the lower half into the 
hypocotyl and root. The root is derived m part 
also from the hypophysis, a cell xesultmg from tlie 
transverse division of the next adjoining cell of the 
suspensor. 

The cotyledons first appear as protuberances 
fiom the upper half of the sphere. The plumule 
does not become differentiated until later 

In Monocotyledons the single cotyledon is 
usually developed at the apex of the embryo (Fig 
391) ; but m some cases (Diosco 7 eaceae) it anses 
laterally, as m the Dicotyledons 

Adventitious embkyos are sometimes pro- 
duced by both Dicotyledons and Monocotyledons 
( e g. Funkia ovata) by the budding of cells of the 
nucellus m the neighboui hood of the egg -appa- 
ratus The fertilised egg, as a rule, does not then FlG L 7 3q] ; ® mbl /° of Mibma 

continue its development (Fig 216). In tlie case mg pomt (After hanstein, 
of Coelttyogync, adventitious embryos are formed magnified ) 
even when no teitilisation of the egg has taken 

place Seeds m a ripe condition, which contain several such, adventitious embryos, 
afford examples of polyembbyony. Ovules provided with several embryo- 
sacs do not exhibit polyembryony, as m that case only one embryo attains lull 
development 

During the development of the embryo a parenchymatous tissue, 
termed the endosperm, is formed within the embryo- sac, usually 
completely filling its remaining free space , this arises by a process 
of multicellular formation preceded by free nuclear division (p. 66), 
or by repeated cell-division In some species of plants the endosperm 
is completely disorganised and supplanted by the growing embryo > in 
other cases it occupies a larger or smaller part of the npe seed. 
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Seeds, when ripe, consist of the seed-coat (testa and tegumen), 
embryo, and nutritive tissue. The nutritive tissue is not, however, 
found in all cases 

The s eed -coat is variously constructed, usually hard and dry ; it 
is sometimes invested by a fleshy aril developed from the chalaza. 
The nutritive tissue, or so-called albumen , either takes the form of 
a pensperm derived from the nucellus (Fig. 363), or, as is more 
frequent, it is represented by the endosperm A seed may at the 
same time be provided with both a pensperm and an endosperm. 
Both tissues usually consist of a thin-walled parenchyma, the cells of 
which are packed with reserve material, aleurone grains, starch, fat, 
etc., to serve for the nourishment of the embryo (Fig. 392) In the 



ledons of the Pea, showing cells with reserve 

material am, Starch grains , al, aleurone grains , Fig 393 — Cell from the endosperm of PhyU 
p, protoplasm, n , nucleus , jn, cell-w all , i, inter- elephas macrocarpa, with resene cellu- 
cellular space lose (x 340) 

absence of special nutritive tissues this function is performed "by the 
cotyledons, which then exhibit a similar structure. Sometimes, as in 
the endosperm of Phytelephas macrocarpa (Fig 393), valuable technically 
as vegetable ivory, the cell-walls of the nutritive tissue are enormously 
thickened , they consist of nearly pure cellulose, and are converted 
during germination into soluble food materials. 

On germination tlie cotyledons may remain within the seeds in 
the ground (hypogean, e.g. m the Pea), or, appearing above the 
surface of the soil, they may unfold and turn green (epigean, e.g. the 
Lupine). In the latter case they are frequently more or less leaf-like 
in character, but they always differ m form and structure from the 
ordinary foliage-leaves. 
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The Fruit 


The fruit of Angiosperms has a more varied and complicated 
structure than in the case of Gymnosperms, whose flowers suffer but 
slight modification m formation of the fruit. 

The fruit possesses a different structure according as it is derived 
from an apocarpous or a syncarpous gynoecium. In the first case the 
ripe carpels are separate and are termed fruits ; in the second the 
carpels continue united, at least until the maturity of the fruit. A fruit 
of a more complicated structure occurs when other members of the 
flower than the gynoecium take part in its formation. Aggregated 
fruits of this nature have been already described (p. 433). 

That part of the fruit enveloping the seeds, consisting sometimes of 
the carpels alone, sometimes of the carpels and the adherent receptacle, 
is termed the pericarp or fruit-wall. The pericarp frequently 
appears to be differentiated into zone-like layers of tissue. The 
outer layer is then termed the exocarp, the innermost the ENDOCARP, 


and the layer sometimes lying between them the mesocarp. 

According to the character of the pericarp and its condition at 
maturity, several varieties of fruit have been distinguished, of which 
the following are the most important. 

I. The Capsule. — Fruit with a dry pericarp, dehiscing at maturity 
Most frequently the carpels separate 
from one another by longitudinal 
slits (septicidal dehiscence), or 

each carpel is split in half longi- 1 I . 1 

tudmally (loculicidal dehiscence, V II V i / 

Fig. 394). In more rare cases the 
seeds escape through pores (pori- ^ 

CIDAL DEHISCENCE, eg. Papavei). P™ 394 —Diagrammatic sections of capsules, 

* 47 -*• * 1 J. . 1 / i \ 1 1 1 / T>\ 


The following distinctive forms 


Fig 394 — Diagrammatic sections of capsules, 
showing septicidal (A) and loculicidal ( B ) 
dehiscence 


of capsules have been recognised 

(a) The follicle, consisting of a single carpel, which dehisces along 
the ventral suture ( Paeonia , Aconitum) 

(b) The legume or pod, consisting of a single carpel, which, 
however, dehisces along both the ventral and dorsal suture (Pea, Bean, 
and many other Leguminoscie). 

(c) The siliqua, consisting of two carpels, which separate at 
maturity, leaving a persistent partition wall (the majority of the 
Cructfe 9 ae, e g. Capsella bursa pastor is). 

(d) The pyxidium, opening at maturity with a lid-like valve 
(Anagalhs, Hyoscyamus). 

II. Dry Indehiscent Fruit — This type comprises fruits with a dry 
pericarp, which neither dehisce at maturity nor break up into separate 
carpels. Indehiscent fruits with a hard dxy pericarp are termed nuts. 
An indehiscent fruit containing one seed and having a leathery pericarp 
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is distinguished as a caryopsis (Grasses) if the pericarp is adherent to 
the seed, if not it is termed an achene (Compositae). 

III. The Sehizoearp is a dry, many-chambered fruit, in which the 
carpels separate from one another at maturity without dehiscing (Um- 
belhfe?ae, Malva). 

IV. The Berry has both a juicy endocarp and mesocarp (Grape, 
Apple). In a few cases fruits of this type dehisce at maturity by slits 
{Myristicci), or become irregularly ruptured (Eclallium). 

V. The Stone-fruit or Drupe. — The pericarp is differentiated into 
a soft, generally juicy, exocarp and a hard endocarp (Cherry, Walnut). 
A single stone-fruit may contain several stones (j Uhamnus cathaitica ). 
The exocarp is sometimes dry and spongy (Coco-nut). 

Just as the great variety of form displayed in flowers has been a 
result of their adaptation to a particular mode of pollination, so m fruit 
it has been intimately connected with the manner of seed dissemination 
(see Dissemination of Seeds, p. 291). 

The Inflorescence 

The flowering shoot frequently bears only a single flower, which 
may then be either axillary or terminal. In many cases, however, the 
metamorphosis of the generative region, which results in the production 
of flowers, has led to the formation of a special system of fertile shoots 
termed an inflorescence or, after the fruit is formed, an infructes- 

CENCE. 

The modifications exhibited by the fertile shoots of such an 
inflorescence are due, partly to a difference in their mode of branching, 
partly to the reduction or the metamorphosis of their leaves. These 
changes are the result of an adaptation to pollination, in the endeavour 
to aggregate the flowers and at the same time render them more con- 
spicuous by the reduction of the foliage-leaves Sometimes the whole 
system of fertile shoots is converted into an attractive apparatus, as in 
the Arciceae, where the axil and the subtending leaf of the inflorescence 
have assumed the function, usually exercised by the perianth, of 
enticing insects s 

Viewed from a purely morphological standpoint, two types of 
inflorescences may be distinguished, the botryose (racemose, mono- 
podial) and the cymose (sympodial). 

I. Botryose Inflorescences. — The mam axis branches more 
vigorously than the lateral axis 

a. lateral axes unbranched 

{a) The Raceme — The mam axis is elongated and bears stalked 
flowers (Fig 395, B). 

(b) The Spike. — The main axis is elongated and bears sessile 
flowers (Fig. 395, C). 
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A spadix is a spike with a fleshy axis , a catkin a spike which, 
after flowering or when the fruit is ripe, falls as a whole from the plant. 

( c ) The Umbel — The mam axis is contracted and bears stalked 
flowers (Fig. 395, D) 



Fia 395 — Diagrams of racemose inflorescences A, Panicle , U, raceme , C, spike , D, umbel , 

E, capitulimi 


( d ) The Capititlum — The main axis is contracted and bears 
sessile flowers (Fig. 395, E). 

B LATERAL AXES BRANCHED 

(e) The Panicle — In the panicle, as the term is generally used, 
the mam axis is longer than the lateral axis, the whole inflorescence 
being correspondingly elongated (Fig. 395, A) 

A corymb is a flattened panicle , an anthela a panicle in which 
the lateral axes overtop the central axis 

II. Cymose Inflorescences — The lateral axes grow more vigorously 
than the mam axis for the time being, and form a pseudaxis. 

(a) The Monochasium — Each relative main axis produces only 
one branch. 

A^monocliasium is termed a helicoid cyme or bostryx when the 
lateral branches always arise on the same side of the pseudaxis 
(Fig 396, 0 ), a scorpioid cyme or cincinnus when they occur 
alternately on opposite sides (Fig 396, B). 

( b ) The Dichasium. — Each relative main axis produces two 
branches (Fig. 396, A) 

(c) The Pleiochasium — Each relative mam axis produces more 
than two branches 

Cymose frequently resemble racemose inflorescences, and are then 
termed cymose panicles, cymose spikes, cymose racemes, etc. 

By the further branching of an inflorescence, compound inflor- 
escences may occur which are constructed after the same type ( e.g . the 
compound umbel of the Umbelhferae), or consist of a union of several 
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types {eg. the corymbs of AcUllaea formed by an aggregation of 
capitula). 

An inflorescence is also usually provided with more or less 



Fig 396 — Diagrams of cyniose infloiescences A> Dichasium ; JD, bostryx, or lielicoid cyme * 

C, ememnus, or scorpioid cyme. 

reduced bracteal leaves or hypsophylls ; those from the axil of which 
a flower or flowering shoot springs are called subtending leaves or 
bracts, while the leaves borne on the stalks of the flowers are desig- 
nated BRACTEOLES OT PROPHYLLA. 


Sub-Glass I 


Monoeotyledones 

Flowers constructed for the most part after the trimerous, penta- 

cyclic type ; seeds usually abund- 
antly provided with nutritive 
tissue ; embryo with ONE coty- 
ledon Herbs and woody plants 
with closed and usually scattered 
vascular bundles (Fig. 397), nearly 
always without cambium, when 
a cambium is present, it lias out- 
side the vascular bundles. Leaves 
commonly with parallel nerva- 
tion. 

The embryo, in the majority of 
Monocotyledons, is small in com- 
parison with the albumen (endo- 
sperm, rarely perisperm). It con- 
Pig 897 —Transverse section of the stem of sists, as a rule, of a short hypo- 
f aMa \ s ^.Vasou^r bundle (For further coty ] w j t h a still shorter root and 

a relatively large cotyledon, which 
on germination remains wholly or in part enclosed within the seed, 
and exhausts the albumen of its food material. 
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The primary root dies prematurely and is replaced by adven- 
titious roots, which usually live but a short time, and are in turn 
superseded by others developing successively higher and higher on 
the stem. The roots are generally unbranched, 
and exhibit secondary growth in thickness only 
m the few cases when a cambium is present m 
the stem. 

The stem of most Monocotyledons is simple • 
when branching does occur, it rarely results m 
the formation of a profusely-branched crown (with 
respect to the disposition and structure of the 
vascular bundles of the stem, see p. 102 ; for 
occurrence and description of secondary growth, 
p. 138). The leaves are always devoid of stipules, FlG sos.— Diagram of a 
and, in the majority of cases, alternate, arranged donons flow. n ° C ° tyle 
m two or three ranks They generally have a 
well-developed sheathing leaf-base, are without stalks, and are lineal 
or elliptical in shape and parallel-nerved, although leaves otherwise 
constructed not unfrequently occur (Fig. 399) 

The structure of Monocotyledonous flowers may be traced back, 
in almost every case, to the tnmerous pentacyclic type (Fig. 398). 
It may accordingly be inferred that the flower of the ancestral form 
was actinomorphic, and composed of five alternating trimerous whorls, 
each whorl consisting of similar members 

This type has been retained unchanged in many Monocotyledons ; 

in others, modifications have occurred m the course 
of their phylogenetic development, resulting some- 
times m a transition from an actinomorphic to a 
zygomorphic or asymmetrical structure, sometimes 
in a reduction in the number of members in the 
whorls, less frequently in an increase. The more 
important of these deviations from the usual type 
will be noticed in detail in the descriptions of the 
single families. 

The perianth is not usually differentiated into a 
calyx and corolla ; it is small and inconspicuous or 
large and highly coloured according to the mode 
Fig S99 -Poiygonatum of pollination, whether effected by the wind or 
midtiflorum, leaf with insects. In a few cases of entomophilous pollina- 
paraiiei venation ^lon the perianth remains insignificant, and other 
(Nat size) parts of the plant assume the function of an 

attractive apparatus. 



The Monocotyledons are divided into the following ordeis Lilvijlorae, JEncm- 
tioblastae, Spad%cijlorae, Glumiflorae, H&lolzcte, ScUammeae, Gfynandrac. These 
orders do not constitute a continuous series, beginning with the most primitive 
forms and successively ascending to those more highly developed, but represent 
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rather a group of isolated brandies, of which the common stock has become 
extinct. 

The Scitamineae and Gyncindrae , the most highly developed of the 
Monocotyledons, have probably arisen, however, from the Lilnfloiae. 
Many things seem to indicate that the primitive Monocotyledons were 
grass-like and adapted to wmd-pollmation ; m particular, the circum- 
stance that the simplest representatives of several of the orders possess 
such a form, while the orders Scitamineae and Gynandn ae, m which 
this is not the case, are manifestly of later origin. 


Order 1 Liliiflorae 


Type. — Flower hypo- or epigynous, actinomorphic, rarely slightly 
zygomorphic, always with a perianth consist- 
ing of complete, fully-developed whorls P3 + 3, 
A 3 + 3 or A 3, G (3) Ovary three-locular. Ovules 
anatropous or campylotropous, rarely atropous. 
Endosperm always present, enclosing the embryo. 

In the majority of the Liliiflorae, the flowers 
exhibit the typical Monocotyledonous form (Fig. 
400), and are actinomorphic, with five tnmerous 
whorls, the members of each whorl being si mil ar. 
The slight zygomorphism displayed by some of 
the forms is occasioned by the one-sided curvature 
of the stamens. The only essential deviation 
from the Monocotyledonous type is restricted to 
a few families, and consists m the suppression of a whorl of the 
androecium. The suppression of single members of the whorls does 
not occur 



Fig 400 —Diagram of the 
flowers of most Lilu- 
Jloi ae 


In some geneia the whorls are composed, instead of three, of two, foui, or five 
members These variations are due neither to reduction nor to splitting, a nd 
are attributable to differences existing m the very ludiments of the organs. The 
number of members in the whorls may vary even m the same species, e.g in Pans 
quadnfolia , which, in addition to the usual tetramerous flowers, not unfr^uently 
pioduces others constructed on the plan of five or six 

The Lihiflmae are, with few exceptions, herbs, in which the sub- 
teiranean parts often take the foim of perennial rhizomes or bulbs, 
while the aerial shoots usually die after the ripening of the seeds. In 
only the simplest, apparently oldest, grass-like forms are the flowers 
inconspicuous and adapted to wind-pollination, otherwise they are 
large, beautifully coloured, solitary or aggregated into loose inflor- 
escences. 


The differences between the families are not uniformly constant , on the con- 
trary, m some of the species of almost every family, characteristics distinctive of 
other families occur, c.gf* three stamens m families in which, six is * the normal 
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number Similarly, m neaily every family transitional forms are found winch link 
the different alliances togethei 

Of all the families of the Zixlviflorae^ the Juncaceae probably resemble most 
clearly the primitive type. From primitive forms, similar to this family, have arisen 
on the one side the Lilxctceae (some of the representatives of which still possess a 
grass-like character), and on the other side the Gluimfiorae . Most of the other 
Lihiflorae, e g the jLmaiylhdaccae and Ir%dac&ae , are probably descended from 
the L% foaceae , as well as the orders Gynandrae and Scitammeae , but m these meta- 
morphosis and reduction have advanced further. 


Family Juncaeeae. — Flowers hypogynous, hermaphrodite, with 
GLUMACEOUS perigone ; pollen in tetrads ; ovary three- or four-locular , 
three long papillose stigmas, endosperm mealy , grass-like plants (Fig. 
401). 

On account of their similarity to Grasses, the Juncaeeae are often 
classified with the Glumiflorae, although in the structure of their 
flowers they agree essentially with the Lih- 
aceae, their points of disagreement being for 
the most part due to their different mode 
of pollination. In the Juncaeeae pollination 
is effected by the wind ; their flowers are 
correspondingly inconspicuous and provided 
with dry pollen and large papillose stigmas 
The inflorescences are variously constructed 
and of different types. The fruit is a cap- 
sule. In the genus t Tuncus (Bog-Rush) the 
capsules are many-seeded , in Lamia (Wood- 
Rush), three-seeded. 

Geographical Distribution. — The Jun- 
caceae grow in the temperate and cooler zones 
of both hemispheres. 

Family Liliaeeae. — Flowers hypogynous; 
perigone COROLLACEOUS ; six stamens ; seed 
with endosperm, which is either oily or con- 
sists largely of cellulose (Figs. 402-405). 

Mftst of the Liliaeeae are succulent herbs 
with perennial bulbs or rhizomes ; the species 
of Aloe and Dracaena , however, are in part 
shrubs or small trees. The leaves are not segmented into stalk and 
lamina, and are usually narrow m proportion to their length, undivided 
and rarely toothed (e.g. some species of Aloe). The flowers, which are 
often large and conspicuous, are solitary and terminal, as in the Tulip, 
or are aggregated in clusters, like the Hyacinth, less frequently in pro- 
fusely-branched and complicated inflorescences. They are adapted 
to'insect-pollination and are provided with means of enticement, such 
as white or highly-coloured perigone leaves, sweet perfume, nectaries, 
etc. The fruit is a capsule or berry. 

2 K 



Fig 401 — Jitncus lainprocarpws 
a , Part of an inflorescence , 
single flower (&) and gyn- 
cecium (c) more highly magni- 
fied 
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Sub-Familie.s and Representative G-enera — (1) Melanthoideae. Three 
styles, septicidal capsules ; Vercitrum , Colehicum ; Sabadilla (2) Lilioidea One 
style, loculicidal capsules ; Tulipa, Lihum (with a nectary groove in each perianth - 
leaf); JS'yacmthus , Museari ; Ormthogaluru (Fig. 402), Scilla ; Urgtnect , Allium, 
bulbous plants with radical leaves and compound bostrychoid inflorescences ; Aloe. 
(3) Asparagoideae, without bulbs ; fruit a berry ; Polygonatum ; Majanthemum, 



Fig 402— a-e, Oi ruthogulum umbellatum . a, entue plant (reduced), b, flowei (nat size), c, flowei, 
part of peugone and andrcecmm. removed , cl, fruit ; e, fruit m transverse section , f-y, 
Colchieum autuw/mle . /, fruit in transverse section , g, section through, seed showing endo- 
sperm (e) (a-g magnified ) 

with dimerous flower ; Comallana , Pams , Asparagus, with needle-shaped, leafless 
branches , Smilax ; Dracaena, dichotomously branching trees with secondarv 
growth 

Geographical Distribution.— Members of the large family Liliaceae are fo und 
widely distributed in all zones, yet a preference seems to be shown for the dry 
warmer parts of the Temperate Zone. Numerous species are found in fields and 
meadows of the Mediterranean countries. Members of this family occur m 
profusion m South Africa, where during the short spring, in company with other 
bulbous and tuberous plants {Imdaceae, AmarylVidaeeae, Orcliidaeeae), they cover 
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the earth with a carpet of purple, red, yellow and orange flowers only to disappear 

on the first approach of the 
dry season, the underground 
portions alone remaining alive 
Many Inliaceae are cultivated 
as vegetables — Asparagus offi- 
cinalis, asparagus ; Allvum 
Oepa, onion ; A. sativum, Eng- 
lish garlic , A. Sehoenopraswn, 
chives ; A. ascalonieum, shal- 
lots. Other Liliaceae are 
familiar as ornamental plants - 
the various species of Tulip, 
Hyacinths, Lilium, Scilla, 




Fio 403 —Colchmm autimnale a, Flowering plant 
(| nat size) , 6, leafy shoot with fruit (i nat. size). 

—Poisonous and Officinal. 

Fntillaria, Yucca, Dracaena, Aloe, etc. 

Poisonous — Golchicum autumnale, 

Meadow Saffron (Fig. 403). It possesses a 

subterranean tuber, which gives me to *“ 404 size) - 

the rose-coloured, funnel-shaped flowers m 

August or September, followed m the succeeding spring by the leaves and fruit , 
at other seasons of the year the plant exists only in the form of a tuber The 
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fruit is a trilocular, many-seeded capsule. The whole plant, particularly the 

tubers and seeds, contains a large per- 
centage of the poisonous alkaloid eol- 
chicin. Veratrum album is a profusely 
leaved, tall herb growing m meadows m 
mountainous regions, with a fleshy, per- 
ennial rhizome ; the numerous green, 
chonpetalous flowers are aggregated 
into a terminal, pyramid-shaped panicle. 
The poisonous properties of the plant 
are due to the presence of veratroidm 
and jervm Pams quadnfolia, Herb 
Paris (Fig. 404), is an herb with a 
single whorl of four leaves. Each 
plant produces one terminal tetramer- 
ous flower of a greenish colour, 
from which the fruit, a black berry, 
develops The toxic principle in this 
case is paridin. The Lily of the Valley 
(Oonvallana majalts ), the bulbs of the 
Tulip ( Tulipa) and of the Crown 
Imperial (Fmtillana imperiahs) are 
also more or less poisonous. 

Officinal. — Colchimm autumnale 
yields Semen 
Colchici , Ver- 
atrum. album, 

R H I Z 0 It A 

Veratri , 8a- 
o ad ilia qfficm- 
arum (grass - 
like, small- 
leaved bulbous plants of Central America and Vene- 
zuela) ; Veratrinum Aloe is derived from the evapor- 
ated sap of the leaves of South African Aloe species 
(herbs, shrubs or small trees with fleshy, often serrate 
leaves , inflorescence a loose raceme with leafless or scaly 
axis ; pengone leaves united into a tube, Fig 405). 

TJrgmea mmitima (Mediterranean bulbous plants 
with leafy stalk, terminating in a raceme of white 
flowers) yields Bulbus Scillae ( Squill ) Radix Sarsae 
or Sarsaparilla is procured from Central American 
species of Smilax (for the most part prickly plants climb- 
ing by tendrils ; flowers dioecious, greenish , ovules 
atropous). 



Fig 405 —Aloe, socotnna 1, Entire plant (re- 
duced) , 2, a flower. — Off/cisa l (After 

Wossiplo.) 



Fig. 406 — Leucojum, wsti- 
vmn a, Inflorescence 
(reduced), b, gynceciuiu 
and andrcecium (nat 
size) 


Family Amapyllidaeeae. — As in the Lihaceae, 
except that the flowers are epigynous (Fig. 

406 ). 

Herbs, usually bulbous , very similar to the Lihaceae in appear- 
ance and mode of life. 
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Representative Geneiia — Narcissus^ with a corona or inner corolla arising 
from the andrcecium ; Galanthus Leucojum , Agave, re- 
sembling the Aloe m appearance. 

Geographical Distribution. — The same as the Lihaceae 
The Agave Americana from Mexico has grown wild in the 
neighbourhood of the Mediterranean, and has now become a 
characteristic plant of that region Galanthus nivalis , Snow- 
drop ; Leucojum vemum, Snowflake , Narcissus poeticus and 
N. pseudonarcissus, etc , are familiar cultivated plants. 

Family Iridaeeae. — The inner circle op 
stamens IS SUPPRESSED, otherwise similar to the 
Amarylhdaceae (Figs. 407, 408). 

The Iridaeeae are herbaceous plants with rhiz- 
omes, rarely with bulbs ; they are very similar to the two preced- 



Fig 40S — Ins fiorentma A , Rhizome with stem and leaves (reduced) ; B, inflorescence (reduced) , 
G, stigmatic branch and stamen , D, ovary m longitudinal section , E, ovary m transverse 
section. — Officinal 

2 Xj 



Fig 407 — Floral dia- 
gram of the Indaceae 
(h is) 
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ing families, but frequently have narrow, two-ranked, equitant leaves. 
The flowers are usually large and showy ; the fruit is a loculicidal capsule. 

Representative Genera. — Iris, with rhizome, and equitant, sword-shaped 
leaves and petaloid stigmas ; Crocus , with tuberous rhizome, and linear leaves (not 
equitant) , Gladiolus , with zygomorphie flowers 

Geographical Distribution. — Like the Lihaceae, the Iridaceae are particularly 
abundant m Southern Africa Various species of Ins, Crocus, Gladiolus are culti- 
vated as ornamental plants. 

Officinal — Ins germanica, I. pallida,, and I fiorentmu, all Mediterranean 
species, supply Orris Root, Rhizoiia Iridis The stigmas of Crocus sativus 
(cultivated m different localities in the East) yield Saffron or Crocus. 

To the Liliijlorae belong also the following families . — Dioscoreaceac, Yam 
family, dioecious, small-flowered, twining plants which differ only m habit from 
the Amarylhdaceac. Haemodoraceae, Bloodwort family, differing from the 
Amaryllidaceae in the suppression of the outer whorl of the androecium 
Bromehaceae, Pine-Apple family, for the most part epiphytic herbs with stiff, 
sword-shaped leaves forming a rosette, from the centre of which springs a flower- 
stalk, in. most instances, with red bracteal leaves and flowers aggregated into 
compact racemes. The perianth is differentiated into calyx and corolla The 
Brome haceae all grow m America, chiefly m the Tropics, where they live partly as 
epiphytes on trees, and partly terrestrial in the clefts of rocks. To the latter 
class belongs Ananassa, satixa, whose inflorescence constitutes the fruit familiarly 
known as Pme-apple. 


Order 2. Enantioblastae 

Flowers hypogynous, often reduced ; ovules atropous , embryo lying out- 
side of the mealy albumen. 

The j Enantioblastae are grass-like or herbaceous plants, with small inconspicuous 
flowers, constructed according to the regular Monocotyledonous type or more 
or less reduced, and usually aggregated in compact inflorescences. 

This order inhabits principally the Tropics and the Southern Hemisphere. It 
comprises chiefly the families Centrolepidaceae, Bestiaceae, Enocaulaceae, 
Xyiulaceae, and Commehnaceac. Some Commehnaceae, especially various species 
of T j adescantia, are cultivated as ornamental plants. 


Order 3. Spadiciflorae 

Mowers hypogynous, usually diclinous, actinomorphic, fre- 
quently reduced. Inflorescence, a spadix or compound spike, 
with ONE OR MORE spathes (large sheathing bracts) at the base. 

The Spadiciflorae comprise herbaceous and woody plants of dis- 
similar appearance but with inflorescences of uniform structure. 
While in the Liliiflorae the flowers are either solitary or loosely 
aggregated m small numbers, so that each flower retains its individual 
prominence, in the Spadiciflorae they are only subordinate members 
of a compact, highly organised inflorescence which, when the spathe is 
corollaceous, is commonly mistaken for a single flower (e.g Calla, 
Eichardia aethiopica ). In accordance with the inconspicuous part 
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played by the individual flowers, they are frequently reduced, par- 
ticularly as regards the perianth, whose function is assumed by the 
axis and sheathing bracts ; sometimes a reduction also occurs in the 
andrcecium and gyncecium. 

Many species are pollinated by the wind, and these possess incon- 
spicuously coloured, though 
often enormous inflorescences. 

In most species, however, the 
inflorescences are adapted to 
insect-pollination. The spathes 
and free parts of the axes, but 
not the individual flowers, are 
in such cases equipped with 
enticing colours, and serve as 
organs of attraction. 

Family Palmae. — Flowers 
of the regular Monocotyledonous 
type or with reduced gynce- 
cium 3 aggregated in PROFUSELY 
BRANCHED INFLORESCENCES, 
which are provided with seve- 
ral spathes. Woody plants 
with unbranched stems and 
pinnate or palmately divided 
leaves (Figs. 409-411). 

The vegetative organs afford 
the most characteristic means 
of distinguishing the members 
of the family. The simple 
(branched only in Hyphaene the- 
baica) cylindrical stems bear a 
rosette of large pinnate or pal- 
mately divided leaves at the 
summit, which gives them a dis- 
tinctive appearance (Fig. 410), 
easily recognisable and charac- 
teristic of only a few other 
plants (Tree-Ferns, and Cyca- 
daceae). A few species are liane- 
like in form and mode of growth 
(eg. Calamus). The leaves are 
not, like true compound leaves, divided in their early stages , they are, 
on the contrary, first developed as entire plicate leaves, which ulti- 
mately become slit into segments by the subsequent death and rupture 
of the tissue at the edges of the folds. The inflorescences (Fig. 409) 
are generally axillary and hang down below the leaves , in the cases 



Fig 409 — a } Infloiescence of Cmyota wrens, greatly 
reduced , b, branch of the inflorescence of Cocos 
mccifera, with a female flower below, and male 
flowers [above (After Drude m Nat Pflanzen- 
familten, £ liat size ) 
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where they are terminal the tree dies after the seeds ripen. In their 
early stages the inflorescences are entirely enveloped by the spathes, 

but the flowering 
^ spikes eventually 

protrude and bear 
numerous small flowers 
of an inconspicuous, 
usually yellowish, col- 
our. Pollination is 
effected by the wind 
or by insects. The 
fruit is apocarpous or 
syncarpous; sometimes 
a berry, as in the case 
of the date , some- 
times an indehiscent 
fruit or, like the cocoa- 
nut, a drupe. From 
one to three seeds are 
produced in an ovary. 
The endosperm is often 
hard and bony in 
consequence of its 
strongly-thickened cell- 
walls. 

, V Geographical Distri- 

bution — The Palms grow 
chiefly m the Tropics 




Fig 410 —Group of Date Palms, Phoemx dactyUfera , m Algiers 
(From a photograph ) 


Fig 411 — Cocoa-nut with part 
of the fibrous exocarp re- 
moved —Officinal (After 
Warming, i educed ) 


Only a few species thrive in the warmer countries of the temperate zones, eg the 
Dwarf Palm, Ohamaerops humihs, of South Europe, and the Date Palm, Phoemx 
dactyhfera (Fig. 410), cultivated to a large extent in the oases of the Sahara. On 
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the other hand, Palms ;in a wild or uncultivated state, and displaying a great 
variety of form and size, constitute the most characteristic featuie of nearly all 
tropical countries There the Coco-nut Palm, Cocos nuctfera , the most impoitant 
economic plant of the Palm family, is found gi owing everywhere m the neigh- 
boui hood of the coast either solitary or gi eganously , m forests. The cocoa-nut 
(Fig 411) is a gigantic drupe with a spongy, fibrous exocarp and a haid endocarp , 
the single seed consists of a tlnn seed-coat and a large, hollow fatty endosperm, m 
which the small embiyo is embedded Aieca Catechu , the Betel Palm, towers 
above all the villages of the East Indies, with Its slender, usually straight, lofty 
stem surmounted by a small ciown 
of emerald - green leaves. Other 
Palms are cultivated for the sugar 
or wine they yield, or as orna- 
mental trees. In the open Savannas, 

Palms growing singly or m small 
woods are of frequent occurrence 
In the primeval foiests, the species 
with tall stems grow apart from 
each other, in the nndst of an under- 
growth of smaller foims, while 
thorny Palm-lianes twining fiom 
tree to tree form an impenetrable 
jungle Very few Palms are of 
special value commercially. In addi- 
tion to the Coco and Date Palms may 
be mentioned Elaeis gumeensis, the 
African Oil Palm, the oily meso- 
carp of whose fruit yields palm-oil , 

Phytclephas maciocarpa , of which 
the hard endospeirn is known as 
vegetable ivory (Fig 393) , and 
Calamus , the stems of which are 
used as cane oi rattan. 

Officinal — Arcca Catechu 
(East Indies) yields Semen Akecae , 

Cocos nuctfera, Oleum Cocos. 

Family Araeeae — Flowers 
often greatly reduced , in- 
florescence a simple spadix 
with a single usually corol- 
laceous spathe. Herbs, rarely 
woody plants, with simple or compound leaves (Figs. 412-414). 

The leaves of the Autceae are usually divided into stalk and 
lamina they are frequently hastate in shape and generally reticulately 
veined. The inflorescence, which is characteristic of the family, con- 
sists of a fleshy spadix, the axis of which frequently terminates in a 
naked coloured prolongation such as occurs, for example, in Arum 
maculatum (Figs 412, 413), where it has the form of a purple club. 
The enveloping spathe is also often showily coloured ; sometimes 

2 M 



Fig 412 — Arum maculatum (J nafc size) — 
Poisosous. 
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snow-white (e g. Richardia aethiopica), but more frequently purple or 
brown, and in that case the inflorescence often emits a carrion-like 
stench attractive to the insects by whose aid pollination is effected. 
The fruit, with few exceptions, is a berry. 

Geographical Distribution. — The Aiaccae are found almost exclusively in 
the Tiopics, where they include numerous, often extremely grotesque, forms, which 
have, not unfiequently, a gigantic size and constitute a very large part of the her- 
baceous Flora of the primitive forests. Many species aie terrestrial, gi owing 
gregaiiou&ly m the deep shade of the woods, ■while others climb by means of aerial 
loots to the tops of the trees, or, as epiphytes form large nest-like giowths on their 



Tig 413 — Spadrv of Araui maculutum Ftg 414 — Aeot ns Columns 1 Rlu/ome, ij^infioies- 

(Aiter Wossidlo ) eence , 3, flower, 4, o\ary in transierse section — 

0 max a l (After Wossidlo ) 

branches The most remaikable of all the Araceac is A m or pit ophall us Utanum , an 
herb found m "Western Sumatra , it attains a height greater than that of a man, 
developing enormous tubers, and a pui pie spadix nearly 1^ m high* Seveial species 
of Araceae are cultivated as ornamental plants, e g . llichardict aetlnopwa, the so- 
called Calla Lily, and the root-climber Monstera delmosa. 

Poisonous, — Most of the Araccae are poisonous Arum maculatum (Figs* 412, 
413), a tuberous herb growing m woods, has a few hastate leaves, frequently with 
brown spots, a greenish spathe and a fleshy spadix terminating m a naked, purple 
club-shaped prolongation. The flowers are monoecious , the female, at the base of the 
spadix, the male, forming a smaller, separate gioup above; while still higher up 
on the spadix are a few sterile flowers In Calla pa lustres, "Water Arum, a rare 
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plant growing m bogs and swampy places, the spathe is white on the upper 
surface and envelops a spadix completely beset with herm aph rodite flowers. 

Officinal — From Acorns Calamus, Sweet Flag (Fig 414), a marsh plant with 

creeping rhizome, nairow leaves, and greenish inflores- 
u cences of hermaphrodite flowers, Rhizoma Cal on is 

obtained. 

Family Lemnaeeae. — Greatly reduced Am- 
ceae Flowers monoecious, naked , the male 
consisting merely of one stamen ; the female, 
similarly, of a single carpel Inflorescence, a 




Fig 410 — WoJffia airlwza (Aftei Hegelmater, XlO ) 

spadix formed of three flowers, two male and 
one female, invested with a spathe. Small, FREE- 
SWIMMING, DISC-LTKE, LEAFLESS WATER-PLANTS 

(Figs. 415, 416). 

The green vegetative body of the Duckweed has usually 
been regarded as a system of naked leaf-like axes , more 
recently it has been asserted that it consists essentially 
of leaves. 

Genera — Spirodcla, Lemma, Wolffia (without roots). 

Geographical Distribution. — Duckweed is found eveiywhere m quiet or 
stagnant water. 


Flower ,fr, fruit ; io, loot , 
v f, root - pocket (After 
Hegelmaier, magnified ) 


The following families are also included in the order Spadiciflomc — Pandanctceac. 
Tropical trees borne on stilt-like roots , leaves swoi d-shaped, inflorescence a large 
spadix. Cyclanthaceae ; tropical lianes and shrubs, often resembling Palms but 
bearing many-seeded berries Sparganiaceae and Typliaceae , glass -like marsh- 
plants, the lattei possessing thick brown cylindrical inflorescences. Sparganvam and 
Typha are lepresented m Germany. 


Order 4. Glumiflorae 

Flowers hypogynous, hermaphrodite or unisexual, naked or 
with REDUCED PERIGONE ; ovary unilocular, containing ONE OVULE ; 
inflorescence with many small flowers, and numerous glumaceous 
bracts. For the most part herbs with linear parallel-nerved 
leaves. 

All the Glumiflorae have a grass-like appearance, i.e. they are 
herbaceous, rarely woody plants, with narrow pointed leaves, and have 
inconspicuous inflorescences bearing small flowers and numerous scale- 
like bracts. The bracts are dry, green or brownish hypsophylls, 
in part sterile and to some extent serving as subtending leaves 
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to the lateral axes and flowers. They usually constitute the most 
noticeable part of the inflorescence, particularly when, as in many true 
Grasses, they are prolonged into an awn (arista) The inconspicuous 
colour of the inflorescence, the gentle swaying movements of the anthers 
pendent from the long filaments hanging down between the bracts, the 
abundant dry pollen, and the well -developed papillae on the large 
stigmas are all directly correlated with the wind-pollination common 
to all Ghimifio/cte (Fig. 421) 

As in most thick small-flowered inflorescences, the individual 
flowers of the Gflumiflorae are simply constructed, evidently in this case 
m consequence of reduction. In none of the flowers of this order is 
the regular Monocotyledonous type presented in an unmodified form ; in 
all, at least one or the other of the whorls is entirely suppressed. The 
pengone, no longer exercising its protective office, now assumed by the 
bracts, consists only of bristles, or is altogether absent The androe- 
cium has sometimes all the six stamens, but usually, by the 
suppression of the inner whorl, it is reduced to three , the gynoecium 
may also possess the full number of three carpels, although generally 
only two are present In most cases a dry, mdehiscent fruit 
(caryopsis) is produced, with one seed containing a mealy albumen. 

A similar grass-like habit is show n by other Monocotyledons, especially by the 
Juncaccae, Typhacmc, Spargcitiiciccac, winch were on that account formerly regarded 
as the nearest allies to the Glasses , the structure of their flowers, however, has 
assigned them to another position in the system of classification. Of the two families 
now framing this ordei, the Cyperaceae have suffeied less reduction m the structure 
of then floweis than the Grawmeae The latter do not appear to have been denved 
fiom the Gypei accae by a continued process of reduction , on the contraiy, both 
Cypeiaceae and G raiaincae constitute independent branches of a no longer existing 
ancestral stock 

Family Cyperaeeae — Flowers usually diclinous, naked or with 
reduced perigone ; ovary di- or trimerous with anatropous ovules 
Pericarp not adherent to the seed ; embryo without scutellum, 
and enclosed in endosperm. Herbs with triangular axes, and 
not hollow, rarely segmented into mternodes ; leaves ofter^ three - 
ranked, with closed leaf- sheaths, and either with or without a 
reduced ligule Inflorescences of varying character, usually WITHOUT 
bracteoles (Fig. 417) 

The Cyperaeeae are, for the most part, perennial herbs with pro- 
fusely branched rhizomes and stiff or hard, sharp-edged leaves The 
rhizome gives rise to tufts of sterile leaves, together with fertile 
shoots, which, according as the branches of the rhizome are long or 
short, cover extended areas or form isolated groups. At the base of 
the fertile shoots the internodes are short, while the whole upper 
portion of the shoot consists of but one internode, which is greatly 
elongated and bears the inflorescence The inflorescences are variously 
constructed, sometimes a simple spike, sometimes compound, consisting 
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of spikelets united into spikes, heads or panicles. Subtending bracts 
(glumes) are present in all inflorescences ; sterile bracteoles only in a 
few genera The flowers are in most cases monoecious, both sexes 
being united in the same spike or occurring on different spikes. 



Fig 417 —Carex are net met 1, Flowering plant , 2, male flower with bract (glume) , 3, female 
flower, 4, pistil, 5, bract of female flower, 6, 7, male and female flower of Carex 1m ta 
(After Wossidlo ) 

Representative Sub-Families and Genera. — (1) Scirpoideae. Flowers her- 
maphrodite, often with pengone. Scirpus, Cyperus , JSriophorum , with a pengone 
consisting of bristles which, after the maturity of the flower, grow out into long 

2 N 
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hairs. (2) Cancoideac. Flowers unisexual, always naked , the female with an 
enveloping, tubular subtending bract (ntnculus). Carex. 

Geographical Distribution:. — The Qyperaceae or Sedge Family are represented 
throughout the world, growing frequently in damp meadow’s, m marshes, and along 
the margins of streams They are worthless as fodder plants on account of their 
hard leaves. The genus Caiex is the most common and comprises the greatest 
number of species. The family contains no plants of economic value. The papyrus 
used by the ancient Egyptians was made of thm strips of the firm pith of Cyperus 
Papyrus 


Family Gramme ae. — Flowers usually hermaphrodite, naked , 
ovary monomerous, with a slightly CAMPYLOTROPOUS ovule ; pericarp 

adherent to the seed , embryo with scutel- 



Fig 41S — Floral diagram of 
the Gramineae (Aiena), m 


LUM, LATERALLY IN CONTACT WITH THE ENDO- 
sperm. Herbs, rarely shrubs or trees ; axes 
with hollow internodes. Leaves two-ranked, 
having usually a ligule and an open sheath 
with a node-like thickening at the base. In- 
florescences compound, consisting of spikelets 
aggregated in spikes or panicles ; bracteoles 
present (Figs 418-425). 

The Gramineae or true Grasses are for the 


P"* perennial herbs, Tritt a. profusely 
present pengone leaves The branched rhizome creeping horizontally in the 
absent members are repre- soil, and giving rise to Sterile shoots ill the 
sented bj x form of tufts of leaves, and also to fertile shoots, 


which are usually unbranched but provided with leaves, and divided 
throughout their whole length into mternodes. The annual species of 
Gramineae are not so numerous ; they do not have rhizomes nor form the 


sterile tufts ; shrub- or tree-like forms are still 
less frequent. A membranous ligule is always 
developed at the junction of the lamina with 
the leaf- sheath (Fig. 420, l). The inflores- 
cences of the Gramineae in their entirety are 
spike-, raceme-, or panicle-like in character, and 
are always composed of an aggregation of 
secondary inflorescences or spikelets (Fig. 
419). Each spikelet usually bears several 
flowers, and also a number of bracts arranged 
in two rows. The two lower bracts, less 
frequently the three lower of each spikelet, are 
sterile, and are known as glumes. These are 
followed by a varying number of fertile bracts 
subtending flowers, and termed inferior 



Fig 419 — Diagrammatic ^pre- 
sentation of a Grass spikelet 
g 9 The glumes , pi and P2» 


PALEiE, sometimes also called flowering glumes. the mferior and superior 

m L . r > t % palea , e. lodictiles , B, flower 

lhe inferior or outer palese are often pro- 

longed into awns. Immediately below the flower the short flower- 
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stalk bears a bracteole or superior falea, -which is always devoid of 
an awn (Fig. 421, B), and two scales, the lodicules ( C ). The 
lodicules are sometimes regarded as a reduced pengone, but are more 
probably two halves of another deeply divided hypsophyll. At the 
time of flowering the lodicules become swollen, and by forcing apart 



Fig 420 —Part of a Grass stem and Fig 421 — . Festnca pratenm ; A t Spikelet with two open 
leaf h 9 Haulm; s, part of leaf- flowers (x S) , B, flower showing the two lodicules in 

blade , l, ligula , v, leaf - sheath , front and the superior palea behind (x 12) ; C, a lodi- 

1c ? node-like swelling at the base of cule, isolated (x 12) , D, ovary viewed from the side, 

the leaf-sheath with the severed stalk of one stigma (x 12). 

the palese and glumes they bring about the opening of the flowers. 
All the axial portions of the spikelets are short, so that the bracts, 
packed one immediately over the other, are only partially visible. 

The andrcecium consists usually of three stamens, each with a large 
elongated anther attached below the middle to the apex of the slender 
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filament. The ovary has two, rarely three, branching stigmas situated 
either directly upon the ovary itself, or borne on a short style (Fig 
421, B). The pericarp is traversed by a longitudinal groove; it is 
leathery, and assumes the functions usually performed by the seed- 
coat, which is thin and adherent to it. In many cases (e.g. m most 
species of Barley) the pericarp and pale® also adhere. On germina- 
tion a shield-like appendage of the cotyledon, the scutellum, remains 
within the seed and absorbs the endosperm (Fig. 422). 


Sub-Families (after Hackel) and Representative Genera — (1) Maydeae, 
Zea, (2) Andropogoncae, Saecharum (3) Pamceae. JPanicum, Setana (4) Oryzeae, 

Oryza. (5) Phalandeae, Anthoxan- 




m~ 

.few,. 





Fig 422 — Part of median longitudinal section of a 
grain of wheat, showing embrjo and scutellum 
(m.), vs, vascular bundle of scutellum; ce, its 
cylinder epithelium , Z', its ligule ; c, sheathing 
part of the cotyledon , pv, ^ egetative cone of stem , 
lip, hypocotyl , Z, ligule , r, radicle , cZ, root-sheath , 
'm, miciopyle ; p, funiculus ; vp, its ^ ascular bundle , 
/, lateral wall of groove (x 14*) 


thum. (6) Agrosfodem , spikelets 
stalked, bearing one flower and two 
glumes , Phleum and Alojpecurus, 
with spikelets aggregated m spike - 
like inflorescences , Agrostis, with 
paniculate inflorescences, mfenoi 
palese, usually prolonged into an 
awn , Calamagrostis , with mfeiior 
palese, hairy and awned (7) Ave- 
neae , spikelets two-flowered, inferior 
paleae shorter than the glumes , awn 
kneed. Avena , spikelets m panicles, 
fruit hairy , A%ra , Holcus (8) 
Chloiicleae, Cynodon . (9) Festuccae , 

spikelets two- to four-floweied, m 
panicles or racemes ; inferior paleee 
longer than the glumes, with or 
without awns , Phragm%tes 9 Mehca, 
Briza , Dactyhs, Boa, Bromus . (10) 

Hordeae , spikelets one or several 
flowered, situated m two rows, m 
depressions of the mam floral axis, 
and forming a compound spike. 
Lolium , Secale, spikelets solitaiy m 
the depressions of the axis, glumes 


awl-shaped and uninerved ; Tnticum, similar to Secale, hut with ovate, three- to 
many-nerved glumes. Hordeum bears several spikelets on each segment of the axis, 
spikelets single-flowered. (11) Bambuseae, shrubs and trees ; Bambusa. 

Geographical Distribution. — Like the Cyperaceae, the Qrammeae are widely 
distributed over the whole world They appear m the most varied situations, m 
particular m meadows and fields, of which they form the puncipal vegetation 
Among the most important meadow-grasses the following may he mentioned • Poa 
pratensis, Common Meadow Grass or Kentucky Blue Grass ; A grostis vulgaris. Red- 
top ; Alopecurus pratensis, Meadow Foxtail ; Phleum pratense, Timothy , Bactyhs 
glomerata, Orchard Grass ; Briza media. Quaking Grass ; Anthoxanthum odoratum, 
Sweet Vernal , Lolium perenne. Rye Grass ; JSolcus lanatus, Velvet Grass ; Arrhena- 
therum elatvus. False Oat Grass , Avena pubescens and A, fiaveseens, the Yellow Oat 
Grass, etc The arborescent grasses of the genus Bambusa and its allies form ex- 
tensive groves in the Tropics, or the smaller forms grow in the shade of the primitive 
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forests. The most important of the cereal grasses grow in the Temperate Zone . 
Wheat, Tnticum vulgare, with numerous varieties and races, e.g T. tnrgidvm , T. 
durum, T polonicum , Spelt or German Wheat, T. Spelta ; Amel com or French rice, 
T dicoccum , One-giamed Wheat, T. monococcum ; Rye, Secale cereale , Barley, Sor- 
deum vulgare, m several varieties and races, as H. liexastichum, H. distichum, etc , 
Oats, Avena satira; Maize, Zea Mats , and numerous fodder-plants. The native 
condition of the cereals is unknown, except in the case of Hordeum distichum, the 



Fig 423 — Ovyza sativa 1, In- Fio 424 —Sacclirt rum offlcmmum (greatly reduced), 

florescence , 2, spilselet (After 2, Flower after remo-\ al of the palea? — 

WossibLo ) Offwixal (After Wossidlo ) 

two-rowed Barley, which is found in Asia, and Maize which is of American origin. 
The other cereals were probably indigenous to Asia or Eastern Europe. Rice, Oryza 
sativa (Fig. 423), originally derived from the East Indies, and Saccharum officvn- 
arum, Sugar-cane (Fig 424), are cultivated m the Tropics and sub-tropical zones. 
The latter is a perennial plant with solid internodes filled with parenchyma, fiom 
the cell-sap of which part of the cane-sugar of commerce is obtained by a process of 
evaporation and subsequent refining (cf Beta vulgaris). The Sugar-cane is not 
found growing wild , its native home was undoubtedly tropical Eastern Asia. The 
Indian Millet, Andropogon Sorghum, and the different species of Bambusa, whose 
stems not only furnish a convenient building material, but their hollow mternodes 
serve also for household utensils, are also chiefly tropical 

Poisonous — Lolium temulentum, Bearded Darnel (Fig. 425), an annual grass 
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with narrow, elongated inflorescences of a green colour. The seeds are poisonous, as 
are also those of L. Umeola, a weed only found growing in Flax fields. Both may 

he distinguished from the other 
harmless species of Zohum, e g 
L. perenne , Rye Grass, by the 
absence of tufts of sterile leaf. 

Officinal — Saceharum offi- 
cinarmn (Fig. 424) yields Sac- 
chabum ; the germinating grain 
of Sordeum vulgare, Malttjm ; 
A gropyrum repens, Couch Grass, 
Rhizoma or Radix gbaminis 
The starch derived fiom the 
seed of Triticum vulgare is the 
officinal Amylum Tbitici. 

Order 5. Helobiae 

Flowers hypogynous, 
less frequently epigynous, 
actinomorphic, with, peri- 
anth, STAMENS USUALLY 
MORE THAN SIX , CARPELS 
USUALLY MORE THAN 

three, in hypogynous 
flowers free ; seeds with- 
out ENDOSPERM; embryo 
with LARGE HYPOCOTYL. 

The Hebbiae are marsh- 
or water-plants, sometimes 
of a grass-like appearance, 
sometimes with broad 
leaves. According to the 
mode of pollination, 
whether effected by the 
wind, water, or insects, the 

Fig. 425 — Lohum temuientum — Poisoxo us perianth is either small and 

of a greenish colour, or 
large and differentiated into a calyx and corolla. The structure of the 
flowers may be regarded as a modification of the Monocotyledonous 
type, resulting phylogenetically from the splitting of the stamens and 
carpels. Flowers exhibiting reduction also occur in this order. 

Family Alismaceae, — Flowers hypogynous, hermaphrodite, 
with perianth differentiated into calyx and corolla; stamens 9 
(6 + 3) or more ; carpels free, numerous, sometimes arranged in 
spirals. Fruit dry and indehiscent, rarely a capsule (Fig 426). 

Members of this family are found m all zones growing in marshes or shallow 
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Fig 426 —Sagittana sagitiifoha a. Flower , b, fruit 
after removal of part of the carpels (Magnified.) 


water. As representative species may be mentioned Ahsma Plantago, Water 
Plantain, Sagtttaria, sagitiifoha, Arrow-head, and Butomus umbellatus, Flowering 
Rush. ~ 

The small family Juncagmaceae may be distinguished from the prece din g by 
its grass-like habit and calycoid * ° 

perigone. It probably represents 
the oldest group of the order. Tt i- 
glochm palustns, Arrow-Grass, is 
a familiar example of this family. 

Family Hydroeharitaeeae 
— Flowers EPIGYNOUS, usually 
unisexual; perianth consist- 
ing of both CALYX and 
corolla, or the latter may be 
suppressed ; stamens three to 
many ; ovary of three or 
more carpels. Fruit with 
irregular dehiscence, commonly many-seeded. 

The Hydrochantaceae are water-plants occurring m fresh water m all zones, and 
m the tiopical seas. They are usually submerged, or at the most projecting their 
inflorescences above the watei, rarely freely floating on its surface. The German 
Flora possesses only two native species — Hydrocharis morsus ranae, Frog’s-Bit, 
floating on the surface of ponds, with roundly cordate leaves, and Stratiotes aloides ’ 

Water-Soldier, whose swoid- 
shaped, spiny leaves, to- 
gether with the female in- 
florescences, appear above the 
surface of the water only to 
become again submerged 
after fertilisation. Elodea 
canadensis, the widely distri- 
buted Water-Pest introduced 
into Europe from North 
America about fifty years 
ago, is represented only by 
female plants. 

Family Potamogeto- 
naeeae. — Flowers hypo- 
GYNOUS, unisexual, or 
hermaphrodite, usually 
NAKED or with REDUCED, 
CALYCOID PERIGONE ; 
androecium and the 
apocarpous gynoecium 
Ripe carpels drupaceous, one-seeded (Fig. 



Fig 427 — Potamogeton natans 1, Apex of flowering shoot , 
% flower viewed from above , 3, flower viewed from the side , 
4, diagram of flower. (After Wossidlo.) 


ONE- TO FOUR-MEROTJS. 

427 ). 

On account of the great reduction and simple structure exhibited by the flowers, 
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the systematic position of the Potamogetonaceae is difficult to determine. The 
family consists of water-plants whose leaves are usually narrow and submerged, 
while the inflorescences sometimes rise above the surface of the water, sometimes 
remain continually submerged. The flowers, always small and inconspicuous, are 
pollinated by the wind or water. The members of this family constitute a chief 
part of the fresh -water flora of all zones. Potamogeton, Pond -weed, and 
Zarmichelha, Horned Pond-weed, are familiar fresh-water geneia. Some species 
are found m salt water, where they cover extended areas m the neighbourhood of 
the coast with a submerged vegetation, e.g Zostera marina , Grass-Wrack or Eel- 
grass, found m salt water throughout all zones It is used for stuffing cushions, 
etc , and is the only plant of economic value m the whole order. 

The small family Kajadaceae (flowers diclinous, one stamen, one ovary) is 
closely related to the preceding, which it resembles m appearance and habit. 
Kajas major may serve as an example. 

The Triuridacecie are a small tropical family of terrestrial plants, all of which 
are sapiophytes and devoid of chlorophyll. In structure their flowers resemble 
those of the Alismaceae. 


Order 6. Seitamineae 

Flowers epigynous, zygomorphic or asymmetrical ; androeeium 
reduced, often partly petaloid ; ovary usually trilocular ; seeds 
with perisperm. 

The Seitamineae are herbs, usually with perennial rhizomes and 
with large pinnately-veined leaves, which may be narrow or elliptical. 
The flowers are adapted to insect-pollination ; the perianth is 
in some cases differentiated into a calyx and corolla, or developed 
as a corollaceous perigone. The structure of the androeeium is 
especially characteristic. Although in certain cases (e g m the 
flowers of the Banana) it differs from the regular type merely in the 
absence or stammodial development of the posterior stamen, in the 
majority of the Seitamineae only one fertile stamen is present The 
other members of the androeeium are then either suppressed or they 
assume the form of petaloid staminodia, which give the flowers a 

distinctive shape and appearance (Figs. 429 G, 
430). The fruit is variously developed^ and 
furnishes no characteristic features. 

Family Musaceae. — Flowers zygomorphic, with. 
five fertile stamens. Tropical herbs, arborescent in 
appearance, rarely true trees, with enormously large 
leaves. 

The Banana (Musa sapientum and Musa jparadisiaca ) 
is largely cultivated in all tropical countries for the sake 
of its edible baccate fruit 

Family Zingiberaceae. — Flowers zygomorphic; the posterior 

STAMEN OF THE INNER WHORL ALONE FERTILE, AND THE TWO 
LATERAL, INNER STAMENS CONNATE AND TRANSFORMED INTO A 



Fig 42S — Zing ibzi aceae. 
Floral diagram {Zing the)) 
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tongue-shaped leae, the labellum } the outer whorl of stamens 
staminodial or absent (Figs. 428, 429). 

The members of this family are herbs, with rhizomes which contain 
an ethereal oil in special oil-cells, giving them a penetrating aroma 
The flowers are aggregated in inflorescences of various types, and 



Fig 429 — Zingiber officinale. A, Entire plant (£ nat size) , B, flower , G , labellum , 
A transverse section of o\ ary — Officinal. (After Berg and Schmidt ) 


are usually large and highly coloured. The splendour of their 
appearance is due to the prominent position taken by the labellum 
(Fig 429, B, G), which is considerably larger than the leaves of 
the perianth. Although the stamens of the outer whorl are usually 
wanting or have the form of inconspicuous stammodia, in less 
frequent cases they are also represented by petaloid stammodia 
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The fruit is a three-valved capsule, rarely a berry. The seeds are 
provided with an aril. 

Geographical Distribution. — The members of the Zingiberaceae are all 
tropical. They are represented by numerous species and individuals m the 
forests of South Asia, which they beautify by their magnificent flowers and 
foliage. Frequently ( Alpima species) the inflorescences spring directly from the 
rhizome and spread like radiating stars over the ground, or are poised in fiery- 
red clusters between the two-ranked leaves of the vegetative shoots. In other 
cases the inflorescences are spites terminating the vegetative shoots. Many 
species are cultivated in hot-houses as decorative plants, others are valuable for 
their aromatic properties, e g ginger, cardamom. 

Officinal — Zingiber officinale (East Indies, Fig 429) supplies Rhizoma 
Zingiberis ; Curcuma Zedoaria (East Indies), Rhiz. Zedoariae , A Ipima 
officmarum (from the island of Hainan, China), Rhiz. Galangae , Elettana 
Cardamoinum (East Indies), Fructus Cardamomi 

Family Cannaceae — Flowers asymmetrical ; the posterior, inner stamen 

SIDE A HALF (MONOTHECIOTJS) ANTHER, THE 
OTHER SIDE PETALOID , THE TWO LATERAL, 
INNER STAMENS DEVELOPED DISSIMILARLY, 

as staminodia (wing and large reflexed 
labellum) ; the outer stamens stammodial 
or absent. Fruit a many-seeded capsule. 
Embryo atropous (Fig 430). 

Perennial herbs produced from rhizomes, 
with large lanceolate leaves and terminal 
spiked inflorescences. The asymmetry of the 
flower is due to the peculiar development of 
the andrcecium, and m particular to the label- 
lum In this family the labellum consists of 
a single stammodium, and not, as in the 
Zingiberaceae, of two connate staminodia. 

Geographical Distribution — The 
species of Canna, the only genus, grow wild 
m the fields of tropical America ; many are 
cultivated as ornamental plants 

Family Marantaceae — Flowers asymmet- 
rical ; THE INNER, POSTERIOR STAMEJf ALONE 
FERTILE, BEARING ON ONE SIDE A HALF 
(MONOTHECIOUS) ANTHER, THE OTHER SIDE 
STAMINODIAL , THE TWO LATERAL, INNER 
Ovary , 1, calyx ; c, corolla , l, labellum , STAMENS DEVELOPED DISSIMILARLY, AS STAMI- 
sirj, the other staminodia , a, fertile nodia , the outer stamens sta mm odial or 
stamen , g, style. Q nat size ) absent Fruit with ONE to THREE seeds m 

each loculus. Embryo campylotropous 

The Marantaceae are medium - sized, or more frequently small herbs with 
perennial rhizomes They always have stalked leaves, which are distinguished 
from those of other Scitammeae by a joint-like swelling of the stalk below the 
lamina. The flowers, m contrast to those of the other families of this alliance, 
are often small and insignificant, usually white. In structure they differ from the 
flowers of the various species of Canna only in the form of the inner staminodia, 


ALONE FERTILE, BEARING ON ONE 
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of which the one corresponding to the labellum is developed as a small misshapen 
hood Many species are cultivated in conservatories, chiefly for the sake of their 
bright-coloured foliage 

Geographical Distribution. — The Marantaceae grow principally m the 
tropical regions of America. 

Officinal — The rhizome of Maranta, arundmacea (W est Indies) yields arrow- 
root, Amylttm Marantae 


Order 7. Gynandrae 

Flowers epigynous, hermaphrodite, zygomorphic ; pengone 
corollaceous ; androecmm REDUCED TO THE T HREE ANTERIOR 
members, consisting usually of one fertile stamen and two staminodia, 
ADHERENT TO THE STYLE AND EORMING A COLUMN ; Ovary usually 
unilocular, with parietal placentation ; fruit, a capsule , seeds ex- 
ceedingly numerous AND SMALL, without albumen ; embryo UN- 

SEGMENTED. 

Family Orehidaeeae. — Characteristics the same as for the order 
(Figs 431-436). 

The Orchids are all herbs ; they vary greatly m external appear- 
ance and have racemose, usually spike-like inflorescences. The flowers 
are almost always pollinated by insects, and to 
this end have developed the most complicated 
contrivances. The corollaceous perigone ex- 
hibits endless variation. The posterior leaf 
of the inner whorl is often especially charac- 
terised by its size, form, and colour ; like 
the similar but not homologous staminodial 
organ of the Zingiberaceae, it is termed a 
LABELLUM; it is frequently drawn out below 
into a sac -shaped cavity or spur (Fig. 432, 
a, /) In its rudimentary condition the 
labellum is uppermost, but, as a rule, it acquires ultimately an 
anterior position in consequence of the torsion of 180° suffered by 
the inferior ovary, or as a result of the tilting over of the whole 
flonv. In the andrcecium only the anterior stamen of the outer 
whorl and the two lateral members of the inner whorl are developed ; 
these two lateral members are usually transformed into sterile, lobed, 
or tooth-like prominences (b, p), while the central stamen alone is fertile 
and bears an anther (e.g Orclus ) ; less frequently, the central of the 
three staminal members of the andrcecium is sterile, while the two 
lateral are fertile (Cypripedium, Lady’s Slipper). The gynostemium (b) 
formed by the union of the stamens with the tips of the carpels is 
sometimes developed as a column; sometimes, as in Oiclns, it is short 
and barely elevated above the receptacle. It bears at its apex the 
stigma and the anther, or a pair of anthers as the case may be. The 
pollen is rarely powdery, consisting of separate grains {e.g. Cypripedium). 
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All the pollen- grains of each theca are usually united by a viscid 
substance into a club-shaped mass or pollinium (e), attached above 

or below to a mucilaginous filament 



Fig 432 —Orchis nnhtcn is. a, Flower* a , 
bract, b, o\ary, c, the outer, and d, the 
two anterior inner pengone lea'ves , e, label- 
luin with the spur/, g, g> nosteiinum b, 
Flow er aftei rennn al of all of the pengone 
lea\ es with excejjtion of the upper part of 
the labelluni h, stigma; l, rostellum; l, 
tooth-like prolongation of the rostellum , 
m, anthei , ??, connects e , o, pollinium, (/, 
glandula , p, staminodium o, A pollinium 
r, caudicle, s, pollen d, Chary m trans- 
verse section (After Berg and Schmidt ) 


termed the caudicle (e, r ). In a 
few cases several pollinia are present. 
The three-lohed stigma (b, h) is 
situated directly below the anther. 
The two lateral lobes are always 
normally developed and destined to 
receive the pollen, while the anterior 
lobe has frequently the form of a 
pouch -shaped beak or rostellum 
(b, 1), in which one or two small 
masses of sticky mucilage (q), the 
glandule {retinacula), are formed 
by the disorganisation of the tissue. 
To these sticky glandulse are 
attached the caudicles with their 
pollinia. The whole structural de- 
velopment of the flower represents 
an adaptation to insect-pollination. 
When an insect inserts its proboscis 
in the nectaries of the labellum, the 
glandulse with their stalked pollinia 
become glued to it, and the pollen 
is thus applied to the next flower 
visited by the insect. Similarly, 
by inserting a pointed instrument 
in the spur, a lead-pencil for ex- 
ample, the pollinia will be found 
attached to it on its withdrawal. 


The capsule is often leathery, and m dehiscing splits into six valves. 
The embryo is usually spherical and exhibits no differentiation into 
hypocotyl and cotyledon. 


Many of the indigenous species have underground tubers {e g Orchis). As a 
rule, two tubers are present, formed by the union of several roots ; according as 
the coalescence is more or less complete, they are ovate and smooth (Fig. 434), or 
palmately divided (Fig. 433). One of the tubers, the older mother-tuber, is dark- 
coloured and flaccid , it bears the floral shoot and afterwaid dies. The other, the 
daughter-tuber, is firmer, lighter-coloured, and provided with an apical bud. It 
remains dormant m the soil over v inter, and in the succeeding spring gives use 
to an aerial shoot, and then, after producing a new daughter-tuber, acquires m 
turn the structure and appearance of a mother-tuber in consequence of the exhaus- 
tion of the accumulated reserve material of its cells. 

Sub-Families and Representative Genera. — (1) Dmndrae Two (rarely 
three) fertile stamens. All three stigmatic lobes susceptible of pollination. 
Cypnpedium. (2) Monandrae. One fertile stamen. Of the three stigmatic lobes. 
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one continues rudimentary or develops as a rostellum. Orchis, with spurred 
labellum , Ophrys, without spur, the flower resembling an insect , both genera. 



Fig 433 — Root-system of Oichis latifolia b. 

Base of stem, s, cataphyllary leaf, t' old, Fig 434 —Root -system of Oichis mono — 

t" young tubeis , h, bud, r, toots Officinal (After Wossidlo, nat size) 


and similarly Gymnadenia, Platcmthcrci, and others, with tubeis , Qephalanthcra 
and Epipactis, with creeping rhizome Neottia, Epxpocjon, and Coralhorrhiza, are 



Fio 485 — Gongora gcdeata, an epiphytic 

orchid. (After Pfitzeb m Nat. Fig 436 — Vanilla plamfoha 1, Inflorescence , 2, 
Pflamcnfamilien, J nat size ) fruit.— Officinal (After Berg and Wossidlo ) 


humus plants, either poor in chlorophyll or wholly devoid of it. Vamlla (see 
under Officinal) 

Geographical Distribution. — This family inhabits chiefly the Tropics, where 
thousands of its species are found growing as epiphytes upon trees The roots of 
such epiphytes (Fig 435) attach themselves to the bark and are enveloped by a 
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velamen (p 42), which greedily absorbs water , while, m many cases, the stems 
are tuberously swollen and serve as water-reservoirs, accumulating water in their 
cells and transmitting it to the leaves in dry weather. Terrestrial Orchids, on the 
other hand, are more numerous outside of the tropical zone, particularly in the 
drier regions of Southern Africa and the countries adjoining the Mediterranean, 
which are especially characterised by the profusion of their tuberous and bulbous 
plants {of. Lihaceae). 

Officinal. — The unripe fruit of Vanilla, plamfoha (Big 486) is the officinal 
Frtjcttjs Vanillae. The Vanilla is indigenous to Mexico, but is now culti- 
vated in all tropical countries. It climbs by means of its aerial roots, like the 
Ivy. The ovate, not the divided, tubers of several species of Orchis and allied 
plants found m Europe and Asia Minor are used as Salep, Tubera Salep. 

The small, wholly tropical family Burmanmaceae forms a connecting link 
between the Chjnandrae and the Amaiylhclaccae and other epigynous Lilnflotae 
In co mm on with the latter, its flowers have usually an aetmomorphic perianth and 
a free androecium with both whorls present or with one whorl suppressed. The 
zygomorphism of many forms, the often unilocular ovary, the very numerous and 
small seeds with unsegmented embryos, indicate on the other hand a relationship 
with the Orchids. 


Sub-Glass II 

Dieotyledones 

Flowers generally constructed after the pentamerous, penta- 
cyclic type. Seeds with or without albumen ; embryo with two 

cotyledons. Herbs and woody 
plants with OPEN vascular 
bundles exhibiting, m cross-sec- 
tions of the stems, a CIRCULAR 
arrangement, and also almost 
always with a cambium which 
intersects the bundles (Fig. 437) 
Leaves usually with reticulate 
VENATION (Fig 438). 

The seeds are variously con- 
structed, sometimes with, some- 
times without albumen. The 
embryo may be large or small ; 
m some parasites and sapro- 
phytes it is unsegmented, but 
otherwise it is differentiated into 
radicle, hypocotyl, and two coty- 
ledons. On germination, the cotyledons remain in some cases enclosed 
within the seed, in others they become green and unfold above the 
surface of the soil. 

The primary root is usually retained, and may be distinguished 
from the lateral roots by its larger size and more vertical growth. 



Fig 437 —Transverse section of a young stem of 
An&tolochia SipJio (cf p. 109) 
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The stem of most Dicotyledons is more or less profusely branched. 
(For an account of the arrangement (Fig. 437) of the vascular bundles 
and of their structure, cf. pp. 117 and 102. The secondary thickening 
is described on p. 120 ) 

The leaves are alternate or whorled, in the former case assuming 
various arrangements. They often have stipules, but rarely leaf- 
sheaths. The lamina is simple or compound, entire or more or less 
irregular in outline. 

In the majority of cases the structure of the flowers may he 
referred to the pentacyclic, pentamerous type, although flowers with 
whorls, consisting of two to six or 
more members, also occur. When 
more than five members are present 
in a whorl the modification of the 
normal structure is usually due to 
splitting ; when less than five, to 
suppression. There are also some 
flowers which normally have less 
than five members in the floral 
whorls. The median sepal, with few 
exceptions ( Papihonaceae , Lobeliaceae), 
occupies a posterior position In 
the most simply constructed Dicoty- 
ledonous flowers (Amentaceae) the 
number of members composing the 
whorls is subject to variation. Such 
a condition does not result from a 
modification of flowers of the pen- 
tamerous type occurring in the 
course of phylogenetic development , 
but it must be assumed rather that 
the numerical relations existing be- 
tween the parts are not yet thoroughly 
fixed. 

In the oldest forms a corolla is typically absent ; in the more 
highly developed the perianth is usually differentiated into a calyx and 
corolla. More rarely, by the suppression of one whorl, the perianth is 
simple or developed as a double calycoid or corollaceous perigone. 

The Dicotyledons are divided into the two groups, Chonpetalae and 
Sympetalae. 



Fig 43S — Leaf with reticulate venation 
(| nat size) 


A. Choripetalae 

Perianth single or double, and then usually polyphyllous. 

The group contains the following orders : Amentaceae, Urticinae, 
Polygminae, Gentrospermae, Polyca/rpicae , Rhoeadinae, Cistiflorae, Passi- 
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Jlorinae, Opuntinae, Colummfet ae, Gh'umales, Terebmthinae , Sapindmae , 
Frangulmm, Thymelaemae, Tricoccae, Umbettiflorae , Saxifraginae, Rosifimae, 
Leguminosae, Myrhflorae, and the provisional group of the Hysterophyta. 
The first three orders comprise plants with simply constructed apetalous 
flowers, often typically unisexual, and probably representing less highly 
developed types ; while the group of the Hysterophyta, as is evident 
from the parasitism of most of its members, is of more recent origin. 
The sequence in which the orders are here given does not constitute 
an ascending series, and it has no reference to their position in the 
scale of development 


Order 1. Amentaeeae 

Flowers hypogynous or epigynous, unisexual, small, naked, or 
with oalycoid perigone ; the male m catkins (amenta) ; the female 
m inflorescences of a different character. Number of stamens variable, 
rarely the same as that of the perigone leaves. Gynoecium TWO- TO Six- 
merous. Seeds without endosperm. 

The Amentaeeae are all woody plants with alternate leaves. The 
male inflorescences are characteristic of this order ; they have the form 
of catkins, bearing the small flowers in the axils of scale-like bracts 
The female flowers are sometimes aggregated into catkins, as m the 
Willow ; in other cases into capitate or spike-like inflorescences. The 
fruit is usually a one-seeded nut, rarely a capsule or drupe. 

The diclinous flowers, the absence or imperfect development of the 
perianth, the variable number and often irregular arrangement of the 
parts of the flower m the same or in allied species, the almost uniform 
wind-pollination, and the small degree of modification exhibited by the 
flowers adapted to pollination by insects, make it probable that of all 
the Dicotyledons the Amentaeeae differ less widely from the primitive 
form, and represent phylogenetically the lowest stage of development. 
That the primitive character of the flowers is not a result of reduction, 
but of a low degree of development, is apparent not only from the 
fact that all indications of such a reduction are lacking, but also 
because the male and female flowers have so evidently not arisen, like 
the unisexual flowers of the more highly developed types, from others 
that were originally hermaphrodite. 

The close relation of the Amentaeeae to older, now extinct, types may he 
assumed with certainty, if it should piove that the Casuannaceae also belong or 
aie allied to this order. The last-named family, as Tretib has shown, possesses 
peculiarities which distinguish it from the Angiosperms and place it nearer 
the Gymnosperms, or even the Pteridophytes [e.g. a multiplicity oi embryo-sacs 
with egg-apparatus, the presence of a cell-wall investing the still unfertilised egg- 
cells, beginning of the endosperm formation before fertilisation). The Casuarmaceae 
exhibit the additional peculiarity that the pollen-tubes do not approach the 
embryo-sac through the micropyle, but by penetrating the chalaza (Chalajzogamy). 
According to recent investigations some undoubted Amentaeeae are also chalazogamic, 
a fact which would favour the inclusion of the Gasnarmacecte within this order. 
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The essential variations exhibited within the order are limited to 
the female flowers, which are sometimes hypogynous, sometimes 
epigynous, and possess a septated or unseptated ovary, a single ovule 
or a number of ovules in different positions. These distinctions are 
utilised m classifying the different families. 



Fig 439 — Scthx vimmttlis A , 
Flowering male-shoot (nat size), 
-B, male flower with subtending 
bract (magnified) , <7, female 
inflorescence , D - E, female 
flowers (magnified), F, fruit 
(nat size), G, the same magni- 
fied , H , seed (magnified) 



Fig 440 —Populus h emtlcc 1, Male inflorescence, 2, 
female inflorescence, 3, male flower, 4, female flower, 
5, the same in longitudinal section , 6, fruit , 7, the same 
after dehiscence; S, seeds, 9, diagram of male flower 
(After Wossidlo ) 


Family Salieaeeae. — Flowers hypogynous, dioecious; perianth 
absent; disc oupular or consisting of scales ; ovary dimerous, unilocular 
with numerous parietal ovules ; fruit a capsule , seeds numerous, 
furnished with a tuft of silky hairs. Trees and shrubs, bearing simple 
leaves without stipules, and amentaceous inflorescences (Figs. 439, 440). 

2 0 
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The family contains only the two genera, Sahx, W illow, and Populus, Poplai 
The flowers of the Willow (Fig 439), unlike those of all the other Amentaceae , 
are pollinated by insects, not by the wind. They are accordingly provided with 
nectaries (the disc-scales) as a means of enticement, and the male flowers have an 
attractive odour, bnght-coloured anthers, and a sticky pollen. Male and female 
catkins have essentially the same structure , they are beset w ith scale-like, entire 
bracts, m the axils of which the flowers are borne singly. Each male flower possesses 
usually two stamens (Sail x alba,), rarely three or more (Sahx Imandra, S pentandra). 
The fruit is a two-valved capsule. The numerous seeds aie disseminated by the 



Fig 441 Fagus silvatica 1, Flowering branch , 2, a male flower , S, a female flowei cut through 
longitudinally , 4, transi erse section of ovary , 5, cupule and fruits , 6, fruit (After .Wossidlo ) 

wind , by means of their hairy appendages they are able to float for a long time 
m the air. 

The Poplars (Fig. 440) are anemophilous. The flowers, accordingly, are desti- 
tute of nectaries, which are represented by a cup -shaped disc The catkins 
are similar to those of the Willow, but with toothed or lobed bracts The fruit 
and seeds are like those of the Willow. 

Geographical Distribution. — The Sahcaceae inhabit almost exclusively the 
temperate and colder zohes, where they are often abundantly represented, consti- 
tuting an important part of the vegetation They are especially characteristic of 
the low ground along the banks of streams, where the more shrubby Willows 
(S pmputea, tmandra, vimmahs, etc ) form thicket-like growths, often overtopped 
by arborescent species (S. alba, fragihs). The Weeping Willow (S babylomca ) is 
indigenous to the East. 
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To the genus Populus belong, among others, the White Poplar (P alba), the 
Black Poplar (P. nigra), the Aspen (P. tremula), all natives of Europe, and the 
Lombardy Poplar (P. pyraimdulis), originally indigenous to the East. 

Officinal — Sahx alba and other species yield Cortes; salicis. 

Family Cupuliferae. — Flowers epigynous, monoecious, with or 
without perigone ; disc absent ; ovary two- to three-locular, with 



Fig 442 — Queicus pedunGulata. A , Flowering branch; B 3 a male flower (magnified), C , stamens 
(magnified), D , a female flower (magnified), E, infructescence , F , cnpule, G-H , seed.— 
Officinal 

one to two suspended ovules IN each loculus , fruit, a one-seeded 
nut. Woody plants with simple, stipulate leaves • female inflorescences 
of different types (Figs. 441-447). 

The Cupulif&'ae are deciduous, or, in the warmer zones, evergreen 
woody plants, with variously shaped, usually toothed or lobed leaves 
These flowers are small and inconspicuous , they are adapted to 
wind-pollination, and are accordingly destitute of any special means of 
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attracting insects. The male flowers are either naked or have a pengone 
consisting of four to six members ; the female flowers are variously con- 
structed. The presence of a woody CUPULE is characteristic of many 
Cupuhferae , it consists of an involucre formed of coherent bracts 
investing the whole female inflorescence or only the single flowers, 
and completely enclosing the whole mfructescence or the separate 
fruits, or only enveloping them at the base. 

Sub- Families and Representative Genera — (1) Betuloidecte. Ovary bi- 
locular; no woody eupule. Betula, Birch, Alnus, Alder; Corylus, Hazel-nut, 
Carpmus, Hornbeam. (2) Fagoideae. Ovary with three, rarely with more loculi , 
eupule present Fagus, Beech ; Quercus , Oak , Castanea, Chestnut. 

In the Beech (Fig 441) the male flowers are borne in small, globose catkins ; 
they have a bell-shaped fringed pengone and numerous stamens The female 
inflorescence is composed of two flowers with a six-leaved perigone and tnmerous 
gyncecium Each inflorescence gives nse to two three-sided nuts, which are 
invested by a woody eupule. The eupule is covered with hard bristles, and when 
ripe sphts into four valves 

In the Chestnut ( Castama vesca) the fruit is also completely enclosed m a 
eupule until maturity , this is thickly covered with prickles, and splits into four 
valves when ripe. 

The Oak (Figs 442, 443) possesses long, slender male catkins with flowers 
disposed at intervals, and capitate or spike-like female inflorescences. Each female 

flower is provided with a scaly eupule, which 
ultimately invests the base of the sohtary nut 
(“acorn”). Only two species are indigenous to 
Germany, Q pedunculata and Q. ses&ihjlora, 
both of which are often regarded as varieties of 
the one species, Q robur In the first named 
the leaves have short stalks, and the female 
inflorescences are spicate ; m Q sesszhjlora the 
stalks of the leaves are long, while the female 
inflorescences are capitate 

The inflorescences of the Hazel ( e.g . Corylus 
A%ellana, the common Hazel-nut), unlike those of 
the genera j ust described, are developed m the pre- 
ceding year , the male last over the winter, naked , 
the female inflorescence is enclosed m a lrud (Fig 
444). In early spring the male catkins elongate 
and produce an abundance of dry pollen, while the 
female inflorescences are distinguishable from the 
leaf-buds only by their larger size and projecting 
red stigmas. The nut is enveloped at the base by a sheath of succulent bracts 

In the Hornbeam, Carpmus Betulus (Fig. 445), the cylindrical loose inflorescences 
make their first appearance in the spring The nut is provided with a three-lobed 
sheath. 

The inflorescences of the Alder (e.g. Alnus glutinosa, Black Alder ; A. mcana 
Speckled or Hoary Alder), like those of the Hazel, are developed on the shoots 
of the previous year. The male are long and cylindrical , the female are much 
smaller, ovoid m shape, and form cone-like infructescences with two nuts at the 
base of each scale (Fig. 446). 



Fig 443 — Qufyeus pedvnculata, longi- 
tudinal section of tlie female 
flower J), The young eupule, r, 
ovule , d, ovary , c, pengone , /, 
style , g , stigma (After Berg and 
ScHam>T s magnified ) 






Fig 444 —Corylus Avellana X, A flow ei mg branch , 2, a Fig 445 —Carpmus Betidus 1, Flowering branch , 2, a male 
male flower, 3, a stamen, 4, a female flower cut through flower, 3, stamens , 4, female flowers, 5, a female flower 

longitudinally , 5, fruit with cupule , 6 , fruit without isolated (After Wossidlo ) 

cupule , 7, a foliage-leaf (After Wossidlo ) 




Em 


Wf;* 




Fig 446 — Aimes qlutmosa 1, Branch with male (a) and Fig 447 — Betula alba 1, Branch with male (a) and female (b) 
femalB (b) inflorescences , 2, male flowers , 3, female m- inflorescences , 2, bract with three male flowers , 3, bract 

florescence , 4, two female flowers , 5, mfructescence , with three iernale flowers , 4 , mfructescence , 5, fruit 

6, fruit (After Wossidlo ) (After Wossidlo ) 
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In the Birch (j Betulct alba) the male inflorescences appear in autumn, the female 
not until the following spring; both are cylindrical and many -flowered The 
fiuit is winged, and is borne in groups of three in the axil of each bracteal scale , the 
scales become detached from the axis and fall off together with the fruit (Fig 447) 
Geographical Distribution — The Cupuliferae constitute the most important 
deciduous trees of the forests of the whole northern hemisphere, but only occur in 
the Tropics m the cooler mountainous regions. 



Fig 44S — Juglans iegm Blanch with male («) and female (b) inflorescences , 2, a group of male 
flowers , a, stamen seen from the inner side , b, the same seen from the side , 3, a female 
flower , 4, the same m longitudinal section , 5, fruit, with pencarp partly removed 6 the 
same in longitudinal section — Offictxal (After Wossidlo ) “ 

This family supplies many plants of economic value. The wood of the Oak is 
particularly valuable on account of its hardness and density, while the bark is used 
for tanning, and the fruit as a cheap substitute for coffee Cork is obtained from 
the Cork-Oak (Quercus Suber and Q. occidental™) of Southern Europe. The wood 
of the Beech is largely used for firewood, and from the seeds, Beech-nuts, oil is 
derived The seeds of the Chestnut are edible, and form m the south of Europe 
an important article of food 1 

Officinal —The bark of some species of Oak, Cortex Quercus, and the acorns. 




SECT II 


PHANEROGAMIA 


499 


Semen Quercus, are used medicinally. Quercus lusitaniea 'Webb. var mfeetona, 
indigenous to the East, produces, •when stung by the Gall-fly, Cynips gallae tmctonae, 
the officinal Gallae. 

Family Juglandaeeae. — Flowers epigynous, monoecious, naked or 
■with tetramerous perigone , number of stamens indefinite ; ovary with 
two INCOMPLETE LOCULI, enclosing ONE ERECT OVULE. AROMATIC 
trees, usually having imparipinnate leaves without stipules. 

In Juglans regia, the Walnut (Fig. 44S), the thick, cylindrical male catkins are 
borne in the axils of the fallen leaves of the shoots of the previous year , the two 
bracteoles and the gamophyllous, tetramerous perigone are adherent and envelop 
a varying number of stamens The female flowers are aggregated m few-flowered 
spikes at the apices of the leafy shoots of the same year. In the female flowers, 
as in the male, the leaves of the perigone are coherent and united with the brac- 
teoles. The large, white papillose stigmas constitute the most conspicuous part 
of the flowers. The fruit is a drupe, and when ripe it has a brown, irregularly 
splitting exocarp and a hard endocarp The seed, which is deeply lobed in con- 
sequence of the incomplete septation of the cavity of the ovary, consists of a thin 
seed-coat and two large, oily cotyledons attached to a short hypocotyl 

Geographical Distribution — The Walnut (J regia) grows wild m Greece 
and Asia Minor The other members of this small family are forest trees of North 
America and Eastern Asia The wood of several species of Juglandaeeae, particu- 
laily of tile Walnut, is much used for furniture and m cabinet work. 

Officinal — From Juglans regia is obtained Folia Juglandis. 

Allied to the Juglandaeeae is the small family Myneaceae, of which the Bog- 
Myrtle or Sweet Gale, Mynca Gale, growing on moois and along the wet borders 
of ponds, is a familiar example. 

It has already been pointed out that the Casuannaeeae are probably 1 elated to 
the members of this alliance. This family comprises a number of Australian and 
East Indian trees which somewhat resemble the JSqui&etaeeae m appearance 

Order 2. Urtieinae 

Flowers hypogynous, usually unisexual, small, with simple, CALY- 
coid perigone ; stamens opposite the leaves of the perigone, and of 
the same number ; gynoecium one- to two-merous, in the last case one 
of the carpels usually reduced , ovary unilocular, with one ovule , seeds 
usually with endosperm Herbs and woody plants with thick inflor- 
escences. 

There are no very essential differences between the Amentaceae and Urtieinae 
Inflorescences resembling the catkins of the Amentaceae sometimes occur m the 
TJrticnnae. The reduction of the gynoecium to a single fertile carpel does not 
always take place in the Urtiemae, nor is an endosperm always present m the seeds 
without exception. In such cases, however, othei characteristics and a companson 
with allied forms leave no doubt of their proper position within this order. 

Some members of this family are herbs, others are shrubs or 
trees. They have variously shaped, but always stipulate leaves, and 
frequently they contain a latex The flowers, as a rule, are wind- 
pollmated and inconspicuous, they are aggregated mto thick inflor- 
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escenees and produce great quantities of dry pollen, and have large, 
brush-like stigmas Entomophilous forms adapted to insect-pollina- 
tion occur in the Moraceae (e.g the Fig). While in the Amentaceae 
the structure of the flowers is subject to great variation, in the 
Utiicinae it is more uniform and constant. The almost invariable 
presence of a perigone, the haplostemonous stamens, the herma- 
phrodite or, by reduction, unisexual flowers are indicative of the high 

stage of development 
attained by this family. 
The fruit is either dry 
and nut-like or dru- 
paceous. 

Family Ulmaeeae. 
— Flowers hermaphro- 
dite or, as a result of 
suppression, unisexual, 
with four to six pen- 
gone leaves , stamens 
straight in the bud ; 
ovary dimerous, uni- 
locular, with one sus- 
pended, ANATROPOUS 
ovule. Woody plants 
WITHOUT MILKY JUICE, 
with pinnately veined 
leaves and CADUCOUS 
stipules (Fig. 449) 

This family comprises 
tall trees with two- 

Fig. 449 —limit's compost ns. 1, Flowering branch, 2, branch ^ ankec ^ 'unsymmetnca.l, 
ivith leaves , 3, a flower; 4, the same, cut thiough longitudi- leaves, lhe flowers 

nally , j, frmt (After Wossidlo ) are heimaphrodite and 

clustered in the axils of 

the leaves of the preceding year. The fruit is a winged nut. 

Geographical Distribution. — The Ulmaeeae are forest trees of the teifiperate 
and tropical zones As examples of the genus Ulmus may be cited, Ulmus cam- 
pest, ts^lhe^Comm^Elm, and U eff-usa, also the Witch-Hazel or Wych- Elm, Ulmus 
montand, all native of Europe. Celtis australis , from Southern Europe, and the 
Hackberry (Celtis occidental) from North America, both of which have drupaceous 
fruits, are frequently cultivated as ornamental trees. 

Family Moraceae. Flowers unisexual, usually with four perigone 
leaves ; stamens straight or inflexed in the bud ; ovary dimerous, 
unilocular, with one suspended, anatropous ovule. Mostly trees or 
shrubs, rarely herbs, with milky juice and caducous stipules fFi«- 
450). r v 

The Moraceae are easily distinguishable from the Ulmaeeae by their 
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latex tubes, and also by their peculiar inflorescences, frequently con- 
sisting of numerous 
axes which have become M # 
more or less coherent. 

Especially remarkable 
in this respect are the 
flowers and fruit of the 
Fig-tree, Ficus carica 
(Fig. 450). The fruit 
known as the Fig is 
the aggregated product 
of the complete union 
of the axes of a cymose 
inflorescence. The suc- 
culent part of the ripe 
fruit consists in its outer 
portions of the coherent 
axes, and internally of 
the perigones of the 
flowers comprising the 
inflorescence. The pen- 
gone of each flower encloses a hard nutlet, the whole representing 
a single fruit. 

The Moracecte are represented in Germany only by cultivated species, the Mul- 
beny tiee, Morus nigra, which is of Asiatic origin, and by the Fig tree, Ficus canca 



Fig 450 — Ficus cat ua 1, Flowering branch , 2, a female flower 

cut through longitudinally , 3, a male flower, 4, a fig m 
longitudinal section (After Wossidlo ) 



Fig 451 — Cannabis saliva 1, Part of a flowering shoot of a male plant , 2, the same of a female 
plant , 3, a male flower , 4, a female flower , 5, fruit (After Wossidlo ) 


The genus F%cus is the largest of the family, and is especially remarkable on account 
of the great variety of forms it assumes, the size and beauty of many of its species, 
and its economic value. The seed of the East Indian Banyan, Ficus 'bengcolens'is , 
ger m i nate s jm-the branches of other trees, to which it is carried by birds. Glow- 
lrEg’first' as an epiphyte, it sends down slender roots to the ground, which develop 
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ultimately into thick columns ; the branching crown m the meantime becomes 
enormously expanded horizontally, and there is formed a large hall of columns, m 
the shade of which there is sufficient space for a -village. The tree upon which 
the seed first germinated disappears entirely. The species of Fwus and 
the majority of the Moraceae occur m the virgin forests of tropical countries 

Caoutchouc is obtained from the 



latex of many species of Moraceae ; 
other species have edible fruit, e g 
the Mulberry, Fig, and the Bread 
tree, A rtocaipus tncisa . 

Officinal. — F rom Mortis ntgra 
is derived Syrupus mori. 

Family Cannabinaeeae. — 
Flowers typically dioecious ; 
the male with five pengone 
leaves, and as many stamens 
with straight filaments m the 
bud , the female flower has 
an entire, cup -like perigone 
Ovary dimerous, with one 
SUSPENDED, ANATROPOUS 

ovule. Herbs without latex, 
with palmately-nerved leaves 
and persistent stipules (Figs 
451 , 452 ) 

Genera — Canndb%$ 7 Humuhxs 
Cannabis $ativa 7 Hemp, is a native 
of the East Indies. It is an annual 
herb with palinately divided leaves 
beset with stiff hairs The male 
flowers form a large, profusely- 
branched panicle with leaves only 


Fig 452 — Humulus Lnjndus 1, Bianch of male in- 
florescence , 2, branch a\ ith female inflorescences , 
3, a female inflorescence , 4, two female flowers 
with bract , 5 , infructescence ; 6, fruit (After 

WOSSIDLO ) 


at the base. The female flowers are 
aggregated into small spikes, and 
are concealed by numerous Reaves , 
as m most cases of wmd-pollination, 
the stigmas aie characteristically 


laige and papillose (Fig 451). The 
female plants are larger and possess thicker foliage than the male The subtend : 


mg leaves of the female flowers of the variety mdiea are covered with glandular 
hairs, which excrete resin. The fruit is a nut with a seed containing much oil 
The Hop, JSumulus Lupulus (Fig. 452), is both cultivated and found wild It 


is a twining, perennial herb with hispid, palmately-lobed leaves The male flowers 
are united m profusely branched, axillary panicles devoid of leaves , the female 
are clustered into cone-like inflorescences, whose scales represent, m part, the stip- 
ules of undeveloped hypsophylls, in part the subtending leaves of the flowers 
When ripe, the scales are covered with yellow 7 glandular hairs which secrete lupulin 
It is to the presence of this lupulin that the value of hops m brewing is due. 
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Officinal — From Cannabis saliva var mdica is obtained Heeba Cannabis 
indicae The glands of the cone-scales of Humulus Lupulus have an officinal 
value as Lupulinum 

Family Urtieaceae — Flowers unisexual through reduction, usually 
with four-leaved perigone and with stamens inflexed in the bud, 
ovary monomerous, with an erect, atropous ovule. Herbs 
and shrubs without latex, with stipulate leaves. 

The Urtieaceae are mostly herbs and shrubs with simple leaves, 
which are often armed with stinging hairs. The flowers are restricted 
to wind-pollination, and are clustered in thick, greenish or whitish 
inflorescences. The fruit is a nut or a drupe 

Geogeaphical Distribution — The Stinging Nettles, Urtica urens and choica, 
occur everywhere as common weeds The majonty of the representatives of this 
family, however, inhabit the warmer zones, where they constitute a considerable 
proportion of the herbaceous and shrubby vegetation of the pimntive forests. 


Order 3. Polygoninae 

Flowers hypogynous, hermaphrodite, sometimes unisexual by 
suppression, generally TRIMEROUS ; perianth ABSENT or DEVELOPED AS A 
PERIGONE ; ovary UNILOCULAR, with a single basal atropous ovule. 

The Polygomnae occupy an intermediate position between the Urticmae and the 
following Older, Centrospermae. Resembling the Urticmae m their small, usually 
greenish, thickly clustered flowers and m the construction of the ovary, they may 
always be distinguished from them by their tiimerous flowers They differ from 
the Centrospermae m having atropous ovules and m the trimerous structure of their 
flowers 

The members of this order are mostly herbs, l'arely small woody 
plants. They generally have axes swollen at the nodes, simple, 
usually entire leaves, and spike-like inflorescences with closely-crowded 
small flowers. The flowers themselves vary greatly m structure , some- 
times naked, and of the simplest structure , sometimes, by the dis- 
similarity of the outer and inner leaves of the perigone, and by the 
possession of two whorls of stamens, they exhibit a higher stage of 
development than is attained by the Urticmae . The fruit is either a 
nut or drupaceous m character ; the seeds contain a mealy albumen. 

Family Piperaeeae. — Flowers naked, typically trimerous, but 
usually reduced , fruit drupaceous ; seeds with perisperm Herbs 
and shrubs with stipulate or exstipulate leaves (Figs. 453, 454). 

The Piperaeeae are found exclusively m tropical countries, where, as herbs and 
shrubs, often climbing by means of roots or living as epiphytes with inconspicuous, 
densely clustered, green flower-spikes, they constitute an essential though not 
particularly prominent part of the Flora Piper nigrum L , the Black Pepper 
(Fig 453), is a shrubby root-climber native of the East Indies, and is now cultivated 
m all tiopical countries The unripe drupes of this species are familiarly known 
as black pepper , white pepper consists of the kernels of the fruit of the same 
plant, freed from the exocarp The pensperm is large and mealy 
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Officinal. — The dried, unripe fruit of Piper Cubebce, a climbing shrub of the 
Sunda Islands, is the officinal Cubeba. It is distinguishable from pepper -corns by 
the presence of a stalk-like appendage (Fig. 454) 

Family Polyg’onaceae — Flowers with single or double perigone, 
typically tnmerous, but the number of stamens is frequently increased 
by division ; fruit almost always a nut ; seeds without perisperm. 



Fig 453 — Pipei nigi ina 1, Part of shoot 
with young mfructescences , 2, tip of frtut- 
spike (After Wossidlo ) 




Fig 454 — Pipe') Cubebci . a , Infructescence ; 6, a 
male flower; c, a female flower m longitudinal 
section , d, fruit m longitudinal section — Offi- 
cinal (After Berg and Schmidt a, Nat size , 
b y c, d, magnified ) 


Herbs, rarely woody plants, especially characterised by alternate leaves 
and connate stipules in the form of tubular sheaths. 

The wild or cultivated Polygonaceae are herbs with hollow stems 
and simple, rarely lobed, alternate leaves. 

The OCHREA, formed by the coherent stipules, is very character- 
istic , it first encloses the apex of the shoot, and afterwards surrounds 
the base of the internode and axillary bud as a scaly tube The flowers 
are small and aggregated into compound spikes, racemes, or panicles ; 
they have a calycoid or corollaceous, reddish perigone, according as 
they are anemophilous or entomophilous The inner circle of stamens 
is often suppressed (Rumex). The fruit is in most cases a three-sided, 
thin-walled nut with a mealy endosperm 


Polygonum , Knot-Grass, has a corollaceous, five-leaved perigone and five to eight 
stamens Pumex, the Dock or Soriel, possesses a six -leaved (S + 3) calycoid perigone 
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and six (6 + 0) stamens Rheum, Rhubarb, has also a ealycoid pengone and rune 
(6+3) stamens. 


mm 
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Fig 455 .— Rheum officinale, greatly reduced (After Baillon ) 

Geographical Distribution. — The Polygonaceae are chiefly found m the 
North Temperate Zone. Rumex acetosa , Sorrel, contains a large amount of potas- 
sium oxalate, and is on that account esteemed as a vegetable and often cultivated 
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for that purpose. Other frequently cultivated plants belonging to this family 
are the Buckwheat, Fagopyruin esculentum, and the different species of garden 
Rhubarbs. 



Fic, 456 —Rheum officinale A, Flower , B, the same cut through longitudinally , C, gj ncecmni with 
disc , Rheum couijjactum, D, fruit (After Lurssen, magnified ) 


Officinal — The rhizome of Rheum officinale (Figs. 455, 456) and R. pahnet 
turn var tcmyuticum is the officinal Radix Rhei 


Order 4. Centrospermae 

Flowers hermaphrodite, usually hypogynous, pentamerous with 
CALYCOID PERIGONE, or WITH calyx AND corolla, iarely naked , 
androecium haplostemonous or diplostemonous ; ovary commonly 
UNILOCULAR, WITH A SINGLE, BASAL OVULE, or With a FREE-CENTRAL 

placenta and numerous campylotropous ovules , seeds with peri- 
sperm and a curved embryo 

The Cent) ospermae are for the most part herbaceous, rarely woody 
plants with simple, exstipulate leaves. The flowers are either incon- 
spicuous, white or highly coloured, according to the method of pollina- 
tion. As regards their structure, the flowers of the different members 
of this order may be arranged in an ascending series, beginning with 
the simplest forms, resembling those of the Urticaceae and gradually 
advancing to the more highly developed, constructed after the penta- 
cyclic, pentamerous type, characteristic of the Dicotyledons, and having 
a perianth differentiated into calyx and corolla. The Centrospermae 
THUS LINK TOGETHER THE APETALOUS AND COROLLATE DICOTYLEDONS. 
The unilocular character of the ovaries in most members of tins 
order is due, no doubt, to the disappearance of the dissepiments, as 
in some cases they are partly retained (Fig. 458). 

In the simplest cases the flowers consist typically of three whorls (e g Cheno- 
podxaceae ) ; the number of the whorls is in other instances increased to five (e g 
most Cm yophyllaceae), but in other eases it is reduced again, by suppression, to three 
(e g. the Caryophyllaceous Paronychioideae) At the end of the series, accordingly, 
flowers occur with a structure apparently similar to those at the beginning , but 
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m the reduced flow era one may often distinguish traces of the suppressed whorls, 
which are not m any way represented m the more simple, tricyclic types 


Family Chenopodiaeeae. — Flowers usually without bracteoles, 
with a single calycoid perigone ; andrce- 
cium HAPLOSTEMONOUS, EPIPETALOUS ; 
ovary two- to five-merous, with one 
ovule. Fruit generally a nut (Fig. 457) 

The Chenopodiaeeae are herbs and small 
woody plants, with scattered, often fleshj-, 
leaves, and greenish inflorescences of small, 
clustered flowers. The flowers are often 
unisexual in consequence of suppression. 

The nutlets are filled with a mealy 
albumen. 

Chenopodium, Goosefoot or Figured, hermaph- 
rodite, with greenish, and aftei flowering, diy 
perianth ; Bhtum, with succulent perianth when 
the fruit is ripe , Atnplex, Orache, monoecious, 
with naked female flow ers , Beta, Beet, epigynous , 

Bpmaeia, Spinach, dioecious, the perianth harden- 
ing duung the upenmg of the fruit and adhering 
to the nut 

Geographical Distribution — The Chenopodiaceae aie for the most part 
saline plants, and chiefly occur neai the ocean or in deserts and steppes. In such 
situations they are usually developed as succulent and not infrequently puckly 
herbs or woody plants The most important cultivated species of this family aie 
tlieSpmach, Spmacia oleracea, and the different varieties of the common Beet, 
Beta vulgaris, of which the most important is the Sugar-Beet, B altissima Beta 
vulgaris has itself probably been derived by eultuie from B. rnantima, growing 
wild on the coast of the Mediteiranean 

Officinal — Beta vulgans yields cane-sugar, Saccharum 

Family Amarantaceae. — Flowers 
with t wo lar ge bracteoles, and dry, 
often highly coloured^ perigone , m 
other respects resembling the pre- 
ceding family 

Geographical Distribution 
— The plants of this order are 
mostly tropical , but several have 
found their way northward, growing 
as weeds and resembling the Cheno- 
podiaeeae m habit. 




Fig 457 —a, Flower of Beta vulgaris . 
6, gyncecium of Chenopochum mulU- 
fidum, with part of wall of o%ary 
lernm ed , c, seed of Beta tulgaiis 
(After Yolckens in Katuil PJUui- 
senfamilien, magnified ) 


Family Caryophyllaeeae. 
— Flowers with calyx and 
corolla, the latter sometimes 


Fia 43$ — Diagiams of the Caryophyllaeeae A, 
Fiscana, lateral walls present m the lower part 
of the ovary , £, Silem, lateral walls absent (Aftei 
Eichler ) 


suppressed , andrcecium diplostemonous or, by reduction, haplo- 
stemonous. Ovary rarely with only one ovule, more frequently 
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with numerous ovules. Fruit usually a capsule (Figs. 458, 
460). 

The Ca/ryopliyllaceae are herbs, rarely shrubs, of varied appearance. 
They have opposite, entire, frequently narrow leaves and dichasial 
inflorescences. The flowers in some genera are small and of a greenish 
colour, but are usually provided with a white or brightly-coloured 
corolla, and are frequently large and conspicuous. In many cases all 
the floral whorls are pentamerous, but commonly the gyncecium is 
two- to three-merous. The capsules split at the apex into valves or 
teeth (Fig. 459) ; in a few cases the fruit is a nut or berry. 

Sub-Families and Representative Genera — (1) Alsinoideae calyx poly- 



Fig 439 * — Mela ndr yum albuni 1, Inflorescence , 2, a male flower , 3, a female flower , 4, fruit , 

5, seed (After Wossidlo ) 

sepalous , petals with short claws , fruit a capsule. Cerastium, Chickweed, 
flowers entirely pentamerous. Spergula, Spurrey, and Stellana, Starwoit or Stick- 
wort, with trimerous ovaries and cleft petals Arenana, Sandwort, distinguished 
from Stellaria by its entire petals. (2) Paronychioideae calyx polysepalous ; 
corolla wanting or reduced , ovary with one ovule ; fruit a nut. Scleranthus, 
Knawel ; 3e miama. (8) Stlenoidccie calyx gamosepalous , petals with long claws , 
fruit a capsule. Lychnis, Campion, with pentamerous ovary , Silene, with trimerous 
ovary and six-toothed capsule Di anthu s, Pink, with trimerous ovary and four- 
toothed capsule. The flowers of this group often have ligular appendages to the 
petals at the throat of the corolla. 

Geographical Distribution — The Cavyophyllaceae are cosmopolitan in 
their geographical range, hut they prefer the temperate and colder zones, where 
they are represented by numerous species growing in the most varied situations. 
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Poisonous. — Agrostemma (Lychnis) Githago , Corn-Cockle (Fig 460), a hairy 
weed, reaching a height of 80 cm., common m gram-fields, with narrow leaves, 
violet - coloured flowers, and 
many-seeded capsules The seeds 
when abundantly mixed with the 
grain give the flour toxic pro- 
perties* Saponama officinalis , 
the common Soapwort or Boun- 
cing Bet, a stout perennial with 
clustered, rose-coloured flowers. 

The saponin contained m all 
parts of the plant renders it 
somewhat poisonous. 

The following less important 
families are also included in the 
order Centrospermae 

Nyctagmaceae — Pengone 
single, often corollaceous, per- 
sistent after flowering and invest- 
ing the fruit. Mostly tropical 
plants. Species of the genus 
Mirabihs belonging to this 
family are often cultivated m 
gardens 

Aizoaceae. — Flowers typically 
consisting of three whorls ; 
stamens often doubled and m 
part petaloid ; ovary inulti- 
locular Succulent plants, 
chiefly occurring m South Africa 
Many species of Mesembryan- 
themum are cultivated as orna- 
mental plants* 

Phytolaccaceae. — A represent- 
ative species of this family is the common Pokeweed or Pigeon Berry, Phytolacca 
dccandra , of North America , fruit a berry with strongly purgative properties 

Portulacaceae * — Calyx dimerous Succulent herbs, of which the common 
Purslane Portulaca oleracea 7 is a familiar example 



Fig 460 — Agrostemma Githago (§ nat size) — Poisonous 


Order 5. Polyearpieae 

Flowers hypogynous or perigynous, hermaphrodite, partly or 
wholly spiral, with numerous stamens and free carpels ; seeds with 
endosperm 

This order comprises herbs and woody plants of very different 
appearance, their relationship being only revealed by the structure of 
the flowers. The type is most accurately represented in such forms as 
have at least an acyclic andrcecium and gynoecium, with numerous 
stamens and carpels inserted on a convex axis (Fig. 461). Flowers 
constructed in this manner are the rule in the Hanuncidaceae, Magnoliaceae, 

2 p 
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and Anonaceae. These three large families form a central group 
about which the families with flowers less typically developed may 
he arranged. The most uniform characteristic of the whole order is 
the apocarpous gynoecium, although in the Nymphaeaceae , in some 
Ranuneulaceae, and also in the Laiiroceae, the systematic position of 
which is somewhat uncertain, the carpels are more or less united 
The convex flower-axis, the spiral arrangement of the parts, the 
numerous stamens, are usual, if less constant, characteristics of this 
order. There are included in the Polycmpicae, as is frequently the 
case in other orders, isolated groups which do not exhibit a single one 
of the distinctive characteristics of the order, but which, nevertheless, 
show such marked affinity to other undoubtedly typical groups, that 
they must be regarded as belonging to the same general alliance 

The order m which the different families are named is not intended to be in- 
dicative of their [relative position with i egard to each other, m an ascending 
senes. Linked to the H ccmmculaceae, on the one side, are tlie J^ympJiaeaceae 



Fig 401 — Flower of Ranunculus sceleiatus, 1), the same, cut through longitudinally , magnified 

(Aftei B^illon) 

and Ce r i cttophyllaceae , and on the other the Magnohaceae and allied families , while 
the Bcrheridaceae, Memspermaeeae , and perhaps also the Lauraceae , form a separate 
suboidinate alliance within the older. 

Family Ranuneulaceae. — Flowers hypogynous, usually actino- 
morphic ; very rarely cyclic, usually acyclic throughout or so at least 
in the androecium and gynoecium ; perianth single or double^ in the 
last case frequently with corollaceous calyx and petals abnormally 
developed, most commonly as nectaries ; stamens indefinite, usually 
numerous ; pollen-grains with two to three PORES , carpels in 
indefinite, often large, numbers, usually FREE; seeds with albumen. 
Herbs, rarely woody plants, with alternate leaves without OIL-GLANDS 
(Figs. 461-470). 

Most Ranuneulaceae are medium-sized herbs, frequently with a 
radical rosette of deeply-lobed leaves and sparingly-leaved fertile shoots. 
The flowers are usually conspicuous, often solitary, and then terminal 
or axillary, or sometimes aggregated, in loose, and more rarely compact, 
racemose or cymose inflorescences. Insect-pollination is universal, and 
has produced corresponding adaptations to it in the flowers, such as 
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the bright colour of the perianth, or -when it is reduced as m the 
species of ThaUetnm, of the andrcecium, and the development of 
nectaries (Fig. 462). The nec- 
taries are developed either as small 
depressions at the base of the 
petals {Ranunculus), or the whole 
petal is transformed into a cup- 
shaped nectary (Helleborus, Aconi- 

Accordmg to views at one time 
largely held, such “ honey -leaves” and 
also the petals of Ranunculus were re- 
garded as staminodia. 

The carpels of the Ranuncu- 
laceae are converted at matu- 
rity into capsules (Helleborus, 

Aconitum, Fig. 463), or as in 
Ranunculus (Fig. 464) and Anemone, into nutlets or achenes, frequently 
having long, feathery appendages (Clematis, Pulsatilla, Fig. 470), or, 
less frequently, into berries ( Actaea , Hydrastis ), 

Representative Genera. — With Capsules : Nigella, carpels syncarpous ; 
JPaeonia, Caltha, with corollaceous calyx and no corolla ; Aquilcgia (Columbine), 
flowers cyclic, with spurred petals , Aconitum (see under Poisonous) ; Delphinium 
(Laikspur), flowers zygomorphic, one sepal with long spur. With Nutlets : 
Ranunculus (Crow foot, Buttercup), with green calyx and usually with yellow 



Fig. 404 — a, Apocarpous fruit of Ranunculus 
Fio 463 — Aconitum Napellus o, Fruit accr (x 2t), b, a carpel; c, the same m 

(nat. size) , b, seed ( x 2) longitudinal section (6, c, x 4) 

corolla, petals with nectaries , Adonis, Anemone, with single corollaceous perigone , 
Thalictrum (Meadow-Rue), with small, greenish perigone and long stamens ; 
Clematis, climbing plants with opposite leaves, flowers with single, corollaceous 
perigone. 

Geographical Distribution — The Ranunculaceae are represented chiefly in 
the Noith Temperate Zone. Many are favourite ornamental plants, especially 
different species of Paeonia, Clematis, Aquilcgia, Nigella, Adonis, and the Christmas- 
Rose, Helleborus niger. 




Fig 462 — 1, Flower of Aconitum 1 Kapellus. 2, 
nectaries., andrcecium and gyncecium of the 
same. (After Wossidlo ) 




Fig. 466 —Ccdtha palusti is —Poisono us 


Fig 468 — Acomtim Napellus (£ nat size) —Poisonous and 
Officinal 
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Poisonous. — The whole family is extraordinarily rich in toxic principles, 
which are so abundant in many species as to render them dangerously poison- 
ous. The following may be cited as the most poisonous plants of the Raaun- 
culaceae 



Fia 469 — Ranunculus scelm atas (J nat size)— Fig 470 —Anemone Pulsatilla (£ nat size )— 

Poisojs t o us Poisono US, 

All the species of Acomtum , m particular A Napellus and A, Lycoctonum, 
The former (Fig. 468) is a perennial plant with tubers, one of which dies in the 
autumn, while the other, as m the Oveluidaceae^ gives rise to a new plant m the 
succeeding spring The leaves are palmately divided, dark green on the upper surface, 
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and, like the whole plant, they are entirely devoid of hairs. The flowers are olusteied 
in simple or sparingly blanched, terminal racemes, and are distinctly zygomorphic 
(Fig. 462) One of the five dark violet sepals is helmet-shaped ; two of the petals 
are transformed into hood-shaped nectaries raised on long claws, while the others 
are reduced to filamentous rudiments ; the numerous stamens surround three 
apocarpous carpels, each of which produces a follicle at maturity Acomtum 
Lycoctonum (Fig. 467") has smaller yellow flowers, and, instead of tubers, a slender 
rhizome. A. variegatum and A. Stoerekeanum, allied to A Napellus, are also 
extremely poisonous. 

All the species of Ranunculus aie also more or less poisonous R. sceleiatus. 
Celery-leaved Crowfoot, probably one of the most noxious species, is a glabious herb 
with three-lobed, somewhat fleshy leaves and small light yellow flowers (Fig 469). 
The Tall Ciow foot or Buttercup, R. cicr-is, is the frequent cause of poisoning m cattle 
It has a hairy stem, palmately divided leaves and bright yellow flowers. The Marsh 
Marigold, CaUha palusti is (Fig. 466), though less poisonous, is a source of danger 
to children on account of its frequency and attractive flowers, llellcboms foetidus. 
Bear’s Foot (Fig 465), a large glabrous perennial, has palmately divided leaves and 
yellowish green, somewhat bell-shaped, flowers with numerous stamens and few 
carpels. The perianth consists of a large-leaved calyx and conical honey-leaves ; 
the carpels when lipe become follicles Both the Green Hellebore, H. viruhs, and 
the Christmas-Rose or Black Helleboie, IT. mger (with reddish white flowers), aie 
also poisonous Species of Adorns (e g. A. vcrnalis ), Anemone (in particular A. 
nenioiosa, and even more so A. Pulsatilla , Fig. 470), Clematis and Delphinium 
(especially D. Staphysagna) are also poisonous, but m a less degree. 

Officinal. — The tubers of Aconitum Napcllus , also the root and iluzome of the 
Oiange Root, Hydrastis canadensis (North America), are officinal. 

Family Nymphaeaeeae. — Flowers hermaphrodite, hypogynous or 
epigynous, aetinomorphic, with calyx and corolla, cyclic, or exclusive 

of the perianth, acyclic; androecium and gyn- 
oecium usually POLYMEROUS , carpels apocarpous 
or syncarpous. Water-plants, usually with 
LARGE FLOATING LEAVES (FlgS. 471 , 472 ). 

In the fruits and flowers of this family but little uni- 
foimity is exhibited. Some forms closely resemble the 
Ranunculaccae, while others ( Nymphaea , Victoria ) differ 
essentially from them and repi esent a much higher stage 
Fig 411 —Vj/inphaca development Some species are very similar to the 

Floral diagram Papaieraceae m the stiucture of their fruit, and some, 

again, show a great similarity to other families, so that the 
Nymphaeaceac must he regarded as forming a transitional group connected in many 
respects with other orders. 

Familiar examples of this family are afforded by the Yellow Pond-Lily, Nuphar 
(hypogynous, with five sepals), and the Water-Lily, Nymphaea (epigynous, with four 
sepals, Fig 472) , both have multilocular ovaries and spongy berry-hke fruits 
(Fig 472, 4). No definite line of demarcation can be drawn between petals and 
stamens, as the petals pass into the stamens by a gradual transition (Fig 472, 3). 

Geographical Distribution.— T he Nymphaeaceac inhabit chiefly the Tropics. 
To this family belong the Sacred Lotus, Nelumbium speciosum, and Victoria regia 
fiom the Amazon, noted on account of the enormous size of its leaves and the 
beauty of its flowers. 
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Family Gercctophyllaceae . — Flowers small and greenish, with polymerous peri- 
gone, numerous stamens inserted upon a convex: receptacle, and one eaipel. A 



Fig 472 — Nyuiphaea alba 1, Flower, 2, flowei-bud, cut through longitudinally , 3, successive 
stages m the transition from petals to stamens , 4, fruit. (Aftei WossiDLO ) 


small family of submerged water-plants ( e g. the Hormvort, Ceratophyllum de- 
mersum), allied to the Nymphaeacccic* 

Family Magnoliaeeae. — Flowers as in the Ilamuiculaceae, but the 
pollen-grains have only one germ-pore. Woody plants with oil- 
cells. 

Tlxe Magnohaceae are foiest trees of the tropical and temperate zones of Asia 
and America, usually hearing laige and beautiful flowers. Seveial species are 
cultivated as ornamental trees ( Magnolia, Lvnodendron) 

Th% fruit of Ilhcmm rehgzosum, indigenous to Japan, is poisonous, and also 
that of I amsaturn, the Star Anise, native of China 

The Magnohaceae are closely related to the Anonaceae, a large and purely 
tropical family, characterised especially by a ruminated endospeim , they are also 
allied to the Galycanthaceae (North Amenca, Noith Asia) and Monmnaceae 
(Southern Tropical Zone). Pengynous flowers aie the distinguishing characteristic 
of the two last-named families. 

Family Mynsticaceae — Flowers dioecious, cyc lic , penanth simple, gamo- 
phyllous ; stamens united ; ovary monomerous, with one ovule ; fruit resembling 
a berry, but dehiscing at maturity , seSds w ith branched aril (mace) and 
ruminated endosperm (Fig 473). Tropical forest trees of the OlcT and New Worlds, 
characterised by the occurrence of oil-cells 

Officinal. — The seed freed from its outer integument (Semen Myristicae), and 
also the aril (Mace , Ol Macidls) of the Nutmeg, Mynstica fi agrans, are officinal 
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~F a.mil y Menispermaceae. — Flowers hypogynous, dioecious, cyclic, consisting 

throughout of trimerous 
7* whorls , perianth of more 

THAN TWO WHORLS. THREE 
free carpels Climbing 
tropical plants. 

Officinal. — Jateorhtza 
Calwmba affords Radix 
Calumbae. 

Family Berberidaceae. — 
Flowers hermaphrodite, 
with ONE carpel, otherwise 
as m the preceding family , 
anthers usually dehiscing by 
valves. Herbs and woody 
plants. 

A familiar representative 
of this small family is the 
Barberry, Herberts vulgaris 
(Fig 474) Species of Ma- 
homet and Hfymnedium are cultivated as garden plants. 

Officinal. — Podophyllum, peltatum, Mandrake (N. America), yields Rhizoma 

PODOPHYLLI. 

Family Lauraeeae. — Flowers perigynous, cyclic, consisting 



Fig 473 —a, Fruit of Myn&tica moschata after reino\al of the 
front val\ e , /, pericarp , g, anl , h t seed , % % chalaza ($ nat 
size) , h, seed, cut through longitudinally , g, anl , h, outei 
mtegument, interrupted at r by the raphe , m, albumen , 
??, embryo (nat size) — Officinal (After Berg and 

Schmidt ) 



Fig 474 — Berbens vulgans 1 , Flowering branch, 2, a 
flower cut through longitudinally , 8 , a petal , 4 , a stamen 
with val\ es of anther open , 5 , the same with valves 
closed , t>, fruit (After Wossidlo ) 



Fig 475 — Flower of Ginnamomvw, 
zeylamcum, cut through longi- 
tudinally a, Receptacle , 6 , 
outer, and c, inner leaves of 
pengone , d - < 7 , stamens , 
pistil, l, ovule (After Berg 
and Schmidt, magnified ) 


throughout usually of trimerous whorls ; perianth calycoid, small ; 
stamens generally in four whorls ; anthers with VALYES ; gyn- 
oecium syncarpous , ovary unilocular, with a single suspended ovule , 
seeds without albumen. Aromatic, woody plants (Fig. 475). 
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The majority of Lauraceae are trees with elliptical, entire leaves 
and small inconspicuous flowers aggregated in heads or panicles 
The fruit is a berry or drupe, and is often surrounded at the base by 
the persistent receptacle. All parts of the plant contain, as a rule, 
ethereal oil accumulated m special cells. 

Geographical Distribution — To the Lauraceae belong many of the most im- 
portant trees of the warmer countries of both hemisphei es , the order is almost wholly 
unrepresented m the Temperate Zone. Europe possesses but one species, Laui us 
nobilis, Sweet Bay (Mediterranean), a small evergreen tree with white flowers 
clustered in axillary, capitate inflorescences. The flowers, which are dimerous, and 
have bilocular anthers, produce a drupaceous fruit. The only herbaceous genus is 
Qassytha, a widely distributed tropical gi oup of parasites, resembling the Doddei 
m appearance and habit. 

Officinal. — The fruit, Eructus Lattri, of Laurus nobilis ; the bark and wood, 
Sassafras, of Sassafras officinale (a dioecious, deciduous tree of North America) , 
the gum, Camphora, obtained from Omnamomum Camphora (an evergreen tree, 
native of China and Japan) , the bark, Cortex Cinnamomi, of Omnamomum Cassia 
(a shrub of Southern China), and of the Cmnamon-tree, Omnamomum aeylanioum 
(Ceylon) The latter is no longer officinal in Germany. 


Order 6. Rhoeadinae 

Flowers hypogynous, hermaphrodite, predominantly dimerous. 
Perianth consisting of three two- or four-merous whorls; andrceeium 
of two two-merous whorls ; gynoecium dimerous, synearpous ; ovary 
UNILOCULAR, with parietal PLACENTAS. Herbs with alternate, simple 
leaves without stipules. 

The Ehoeadmae constitute in themselves a natural, sharply defined 
order, and apart from the slight resemblance displayed in some 
instances to the Nymphaeaceae they exhibit no marked affinity to other 
groups. The type of the order is best represented by the genus 
Hypecoum, in which the flowers are constructed throughout of simple 
dimerous whorls In the largest families of the order, the Crucifer ae 
and Capgaridaceae , the corolla is tetramerous, alternating with the two 
decussate whorls of the calyx. It is often assumed, but without 
confirmatory evidence, that in such cases the four petals are derived by 
duplication from a dimerous corolla. The greatest variation is shown 
by the androecium, which, in consequence of the multiplication of its 
members, or more rarely of the whorls, frequently consists of more 
than four stamens. Even m such cases the derivation from the 
typical structure is generally recognisable. In the Cappandaceae , the 
successive processes in the evolution of the androecium are particularly 
apparent ; in this family, all transitions occur from a 2 + 2-merous 
androecium to one that has become polymerous by repeated splitting , 
a reduction of the androecium to one whorl is also exhibited by some 
members of the family The gynoecium usually remains dimerous; 

2 Q 



518 


BOTANY 


PART II 


a multiplication of its carpels has taken place only in a few cases 
(Papaver). 

Family Crueiferae. — Flowers actinomorphic ; calyx of two 
TWO-MEROUS WHORLS ; corolla TETRAMEROITS ; androecium consisting of 

AN OUTER WHORL OF TWO SHORT STAMENS 
AND AN INNER OF FOUR LONG STAMENS DIS- 
POSED IN pairs ; gynoecium always dimer- 
ous , ovary divided by false dissepiments 
into two loculi Fruit rarely mdehiscent, 
usually a capsule; seeds without endo- 
sperm, embryo curved (Figs. 476-479) 

The Crucifeme are glabrous or hispid herbs 
(rarely small shrubs) with entire, toothed or 
lobed leaves The white or yellow flowers, 
rarely red or violet, are generally small and 
aggregated into racemes, usually without bracts and bracteoles. The 
flowers of the inflorescences develop so gradually m acropetal succes- 
sion, that frequently the ripe fruit is already produced at the base of 
the raceme while the apex of the axis with its undeveloped buds is 
still m process of elongation {eg Capsella bursa pastons ) Although 

the colour of the petals, and also the nectaries at the base of the 
stamens, undoubtedly represent an attractive apparatus for insects, self- 
pollination is of frequent 
occurrence in this order 
The capsules are either 
much longer than broad, 
and are then distinguished 
as SILIQUA5, or they have 
the form of short and 
broad SILICULAS (Fig. 478) 

Indehiscent fruits (Fig. 479) 
occur less frequently. 

They are often lomentace- 
ous in character and sep- 
tated transversely by false 
partition - walls, breaking 
when ripe into a corre- 
sponding number of seg- 
ments. A fruit of this 
nature is termed a jointed 
siliqua. The two forms 
of fruit, dehiscent and in- 
dehiscent, do not differ essentially in structure : both are sometimes 
borne by the same plant Many Ciucifeiae contain a pungent, nitro- 
genous or sulphurous ethereal oil, which exists m an uncombined state 
in the vegetative organs {e.g. Horse-Radish), but in the seeds (e.g. 




Fig 477 —Rciphanus sativus a, Flowei (nat sue) ,b, petal t 
c, androecium and gynoecium (x 2) , d, pistil with disc- 
glands (X 2) , e, fruit (nat size) , /, transverse section of 
fruit , g and h, embryo (Magnified ) 



Fro 476 — Cmcifeute Floral 
diagram (Erctssica). 
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Fig 47S — Fruit of a Sil icu losa 
anrjustisepta (Thlaspi ai - 
xensc) (After Wossidlo ) 


Mustard seeds) it is combined, occurring in combination with other 
substances, from which it is freed in the presence of water. 

The division of the Crucifer ae into sub-families presents great difficulties 
The old classification proposed by Linnjeus is now 
regarded as too artificial. According to the nature of the 
fruit, Linnaeus first distinguished the two groups Sili- 
quosae and Sihculosae * these he further dn ided into 
Sihquosae nucamentaceae , with jointed siliquse, and 
Sihculosae nucamentaceae , with mdehiscent fruits. The 
Sihculosae dehiscentes were afterwards divided by A P 
de Candolle into S . latiseptae , with broad, and S 
angustiseptae , with narrow dissepiments. 

Another classification frequently employed at the 
present time is that of de Candolle based on the 
position assumed by the embryo within the seeds — (1) 

Notoihizeae cotyledons flat, with the radicle lying on 
the surface of one of them; diagram, Q|| (2) Chthop- 

loceae cotyledons folded, the radicle lying m the groove 
of one of them , diagram, Q ». (3) Pleitrorhizeae 

radicle lateral to the two cotyledons ; diagram, Q = 

(4) Spuolobcae cotyledons spirally rolled, diagram, 

Q II || (5) Diplecolobeae cotyledons doubly folded, diagram, OlHlHH- Pkantl 

has lately adopted a more natural classification, m which different oigans (stigma, 
nectaries, dissepiments, hairs) are taken into consideration. The old classifica- 
tion of Linnaeus and de Candolle has been used on account of its gi eater 
convenience 

Representative Genera — (1) Sihquosae dehiscentes Caidaim ne (Bitter 
Cress), with elastic valves , Aiabis (Rock Cress) ; JBaibarea, (Winter Cress) , JS r as- 
tuitiuni, m some cases with short siliquse , Cheuanthus (Wall-flower); Matthiola 
(Stock); Sisymbnum (Hedge-Mustaid) , Erysimum (Treacle-Mustard); Biassica, 
Smapis (Mustard) (2) Sihquosae lomentaceae Qiambe (Kale), Cakile (Sea Rocket), 
both strand plants , Raphanus , the siliqua of the Garden Radish, R sativus, is 

spongy, not dividing into segments when ripe (Fig 477) 

(3) Sihculosae dehiscentes latiseptae Cochleama , Draba 
(Whitlow Grass), siliculse lanceolate, somewhat com- 
pressed , Alyssum , Lunama (Honesty), siliculse very 
broad and flat, with long stalks ; Camelma (False Flax). 

(4) Sihculosae dehiscentes angustiseptae * Thlaspi (Penny 
Cress), siliculfe flat, circular or coidate , Ibens (Candy- 
tuft), the racemes aie corymbose, with marginal flowers 
slightly zygomorplnc , Uapsella (Shepherd’s Purse), 
siliculee triangular, Lepidvmn (Pepperwort). (5) Sihcu- 
losae nucamentaceae Isatis (Woad) 

Geographical Distribution — The Couaferae are 
chiefly found m the North Temperate Zone, giowmg m 
the most varied situations. Cultivated species of 
this order aie Rrassica oleracea , the Cabbage, m numer- 
ous varieties , the primitive form grows wild along the coast of Western Euiope , 
Erassica Napus var oleifera , Rape, var Napobi assica, Turnip Cabbage; Brassica 
Rapa , Turnip , var. oleifera, Colza , B . nigra , Black Mustard , Smapis alba , 
White Mustard, Lepidium sativum , Garden Cress, Nasturtium officinale, Water 



Fig 479 — 1, Fruit of a Sill- 
culosa lomcntacea ( Neslio 
pamculata ) , 2, the same m 
median, longitudinal sec- 
tion (After Wossidlo ) 
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Cress , Cochleana Armorcicia, Horse-Radish ; Maphanus satovns, Garden Radish , 

Camclina Batova, Oil-seed or False Flax 
Officinal — Brossica nigra, the ; 
Black Mustard, yields Semen 
Sinapis Herba Cochleariae is ob- 
tained from the herbaceous parts of 
Cochleana officinalis, Scurvy Grass, 
a glabrous herb growing wild on the 
sea-coast, bearing white flowers and 
globose siliculse 

Family Cappandaceae — Flowers 
usually zygomorphio ; perianth as in 
the C>uciferae ; androecium 4 - oe> , 
gynoeeium 2 — «o , ovary stalked , 
seeds without endosperm. Herbs 
and shrubs of the warmer zones. 
The flower-buds of Cappans spinosa, a 
Mediterranean shrub, are familiar as 
capers (Fig. 480). 

Family Fumariaceae. — 
Flowers transversely zygomor- 
phig ; calyx dimerous , corolla of 
TWO DIMEROUS whorls j androe- 
cium usually consisting of two 
tripartite stamens: gynoeeium 

(Fig. 481) 

The plants included in this family are glabrous, often glaucous 
herbs with divided leaves. The flowers are disposed in racemose 
inflorescences with both subtending bracts 
and bracteoles, or m some cases with bracts 
only. One of the two outer petals and 
sometimes both are prolonged into a spur 
(e.g. Fumaiia , Corydahs). The andrcecium 
of Hypecoum consists of 2 + 2 stamens. The 
other genera have two tripartite stamens 
inserted opposite the outer petals ; the central 
filament of each group bears a perfect anther, 
the two lateral filaments only half an anther 
each (Fig 481, 6). The modification from 
the normal type exhibited in such andrcecia 
is due to splitting and displacement of the 
stamens. The two lateral filaments, with 
their bilocular anthers, represent distinct 
halves of the inner stamens, that have be- 
come adherent to the stamens of the outer 
whorl. 

The majority of this small family are natives of the North Temperate Zone 



flower, 5, style and stamens 
(x2) 



Fig 4S0 — Cappans spinosa 1, Flowering branch , 
2, fruit, 3, the same in transverse section 
(After Wossidlo ) 


dimerous ; seeds with endosperm 
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Dicentra. spectabihs, -with a two • spurred corolla, is a well-known ornamental 
plant. 

Family Papaveraeeae. — Flowers actinomorphic ; calyx dimerous; 
corolla consisting OF two dimerous whorls : androecium POLY- 

MEROUS ; pistil TWO- TO SIXTEEN-MEROUS j SEEDS WITH ENDOSPERM. 
Herbaceous plants with stiff hairs and latex vessels containing a 
white, more rarely a yellow, orange or red latex. 

The flowers are usually large and beautifully coloured, either 



Fig 4S2 — Ebchscholtzia californica a, Flower ; h, Fig 4S3 — Pctpavei scmmferum Q nat size), 
fiuit before, and c, after dehiscence (Nat size ) — Poisoxo vs and Officinal 


solitary or clustered. The fruit is always a many-seeded capsule, 
sometimes resembling the pods of the Cruafeme , but without false 
dissepiments (Fig. 482). 

As examples of this family may be cited CheUdomuou (Celandine), with orange- 
coloured latex and siliquose fruit , Palaver (Poppy), with white latex. In this 
last-named genus the fruit is an incompletely septated, polymerous capsule, 
opening at maturity by valves just below the rayed stigma. 




522 


BOTANY 


PART II 


Geographical Distribution — The Papaveraceae constitute a small family 
restricted, almost entirely to the North Temperate Zone. 

Poisonous. — Papaver sommfcrum (Opium Poppy) contains m all its organs 
a poisonous, milky latex. It is an annual herb with glabrous, somewhat glaucous 
stems and leaves, and is cultivated for the sake of the oil accumulated m the 
seeds, also for the latex obtained from the unripe capsules ; the latex, on 
hardening, constitutes opium The leaves are sessile, irregularly incised and 
toothed. The flowers are solitary, borne upon a long stalk with bristly hans 
(Fig. 483). They are nodding while in the bud, but become afterwards erect ; 
they have a fugacious calyx and white or violet petals w ith crumpled aestivation 
The fruit is a broad capsule more than 6 cm in length, enclosing numerous 
remform seeds of a white or violet colour Other species of Papaveraceae are 
also toxic, but m a less degree. 

Officinal. — Papaver somniferum, yielding Fructus Papaveris immaturi, 
Semen Papaveris, and Opium. 

Family Resedaceae — Flow r ers zygomorphic, perianth consisting of two- to eight- 
merous whorls ; petals deeply fringed Sexual organs usually borne upon a 
gynophore , stamens three to forty ; carpels two to six, free or united, forming 
a unilocular ovary open at the apex. Herbaceous or shrubby plants, chiefly 
Mediterranean, with small flowers, e g. Reseda luteola (Dyer’s Weed), Jl lutea 
(Base Rocket), R odorata (Mignonette) 

Theie is considerable uncertainty as regards the systematic position of the 
plants included m the family Resedaceae , they are considered to be allied to the 
Capparidaceae 


Order 7 Cistiflprae 

Flowers hypogynous, generally actmomorphic and hermaphrodite. 
Calyx imbricated in the hud ; the whorl of the perianth and andrcecmm 
typically pentamerous, but the andrcecium often polymerous by the 
division of the stamens ; gynoecium usually three- to five-merous, and 
syncarpous , OVARY unilocular, with parietal placentse, less frequently 
multilocular , ovules for the most part anatropous ; embryo usually 
straight. 

The Cistiflorae form a somewhat artificial order, they comprise 
families which, in most cases, have been previously assigned to different 
systematic positions. The flowers exhibit the regular Dicotyledonous 
type or a modification of it, resulting from the division or suppression 
of some of their parts, but without at the same time showing any uni- 
formly occurring characteristics of general significance There is more- 
over in this order no predominant type about which the less distinctive 
forms may be grouped. Many of the Cistiflorae show an affinity to the 
Resedaceae, and through them to the Rhoeadinae , others, in particular 
the Ternsh oemiaceae, to the Columniferae , and some are allied to the 
Passifiorinae. 

Family Cistaceae — Flowers actinomorphic, with numerous 
stamens , gynoecium three- to five-merous ; ovary usually unilocular, 
with parietal placentse; style simple, ovule atropous; fruit a 
capsule , seeds with endosperm ; embryo curved. 
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The Cistaceae constitute a small, chiefly Mediterranean family of woody, or 
more rarely herbaceous plants, with simple leaves , e g the European Rock Rose, 
JBehanthemum vulgare, a small undershrub with yellow flowers, found growing, 
like other Gistaceae, m dry, sunny situations (Fig 484) 

Family Droseraeeae — Flowers actinomorphic, with five stamens ; 
ovary usually unilocular, with parietal placentae, style divided. 
Fruit a capsule , seeds with endosperm. Herbs, with irritable, 
GLANDULAR CILIATED LEAVES. 



Fig 4S3— Floral diagram of Fig 4S6 — Viola tricolor. A, Entire plant (reduced), B, a 
Viola stamen, enlarged, C, gyncecmm, enlarged; B, transverse 

section of ovary ; E, fruit (nat size) — Officinal 


The Droseraeeae are widely distiibuted, and are all carnivorous plants, e g. 
Drosera rotundifoha, Sundew, growing m boggy ground (cf p. 215). 

The families Nepenthaceaa and Sarracemctceae are regarded as allied to the 
Droseraeeae, and comprise likewise carnivorous plants , their leaves are wholly or 
in part modified into pitchers (c/ p 216). 

Family Violaeeae. — Flowers actmomorphic, or more frequently 
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zygomorphio ; stamens five ; ovary unilocular, with parietal placentae, 
STYLE SIMPLE ; seeds albuminous, with straight embryo (Figs. 
485, 486). 


The family includes herbs, shrubs, and trees, frequently with leaves having 

large stipules ,* it is represented, 



Pig 4S7 — Hi/peruum tetiaptenim c', Flower, somewhat 
magnified. , b, fruit ; p, the dried, persistent petals 
(X2) 


though not by a large number oi 
genera, in all zones Viola, the 
Violet, Pansy or Heart’s-ease, has 
always axillary, zygomorphio 
Hovers with the anterior petal 
prolonged into a hollow spur 
enclosing spur - like nectanal 
appendages of the two lower 
stamens (Fig. 486, B, nt) Many 
species of Viola, in addition to 
the conspicuous flowers provided 
with nectaries and adapted to 
insect - pollination, bear cleisto- 


gamous flowers which contain no honey and are self-pollinated (cf p 285) The 
entomophilous flowers, although so well equipped, are very often sterile 


Officinal. — Herba V iolae 
tilicolouis is obtained from Viola 
tricolor 

Family Hyperieaeeae. — 
Flowers actmomorphic, 
stamens three or five, deeply 
DIVIDED INTO NUMEROUS 

branches j ovary unilocular 
or multilocular, with parietal 
placentae and free styles , 
seeds without endosperm. 
Leaves opposite, dotted 
with oil-glands (Fig. 487). 

Membeis of this family are 
found widely distributed in both 
the temperate and warmer zones. 
Many species of Hypei icum (c g the 
common St. John’s- wort, H. pet fen - 
atum) are common wayside weeds 

Family Clusiaceae. — Flowers 
dicecious, with numerous stamens 
Ovary multicarpellary ; stigma 
layed. Woody plants with resin 
CR GUM-RESIN CANALS. 

The Clusiaceae are represented 



Pig 4SS — Tliea chinensis 1, Flowering branch, 2, 
flower cut through longitudinally , 8, fruit ; 4, seed 
(After Wossidlo > 


m the tropical forests by numerous arborescent forms, of which some ( Clusia ) are 
epiphytic. The fruit (mangosteen) of Garcima Manyostana , found m Further 
India, is highly prized 
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Poisonous. — The gum resms of several species of this family are very poisonous. 

Officinal. — The dried gum -resm of Garcima Morelia (East Indies) yields 
Gutti. 

Family Temstroemiaceae. — In Camellia and Thea, perianth acyclic, brac- 
TEOLES GRADUALLY BECOMING INDISTINGUISHABLE FROM SEPALS ; androecium and 
gynoecium polymerous, ovary multilocular Woody plants without resin-canals 
(Fig. 488). 

This family, which is allied to the preceding, consists chiefly of tropical ever- 
green trees and shrubs (e.g Camellia japomca). 

Officinal. — Thea chmensis , the leaves of which when dried constitute tea. 
Folia Theae, is a shrub with leathery leaves and white flowers (Fig 488). It is 
indigenous to China, where it is largely cultivated, as also in the East Indies. 

The order Cistiflorae contains also, m addition to others, the following families 
Elatmaceae, small water-plants with inconspicuous flowers ; e g JElatme hexandra , 
Water -wort. Tamancaceae, shrubs with scale -like leaves and small flowers 
aggregated m racemes , e.g, Myncana , Tamamx. Dipterocarpaceae , this family, 
which has taken its name from the large wings attached to the fruit, consists 
wholly of tropical plants. From the species of Hojpea the officinal Resina Dammar 
is to some extent obtained. 


Order 8. Passiflorinae 


Flowers actmomorphic, mostly perigynous or epigynous , perianth and 
androecium with varying number of parts ; gynoecium 
trimerous ; styles generally free and bifid , ovary 
UNILOCULAR, With PARIETAL PLACENTA. 

It is difficult to point to characteristics separating 
this order from the preceding , both are frequently 
united m the same group 

Family Passifloraceae. — Flowers perigynous, with 
outgrowths of the flower-axis (coiona and disc) 
between the perianth and andioecium. Calyx, corolla, 
and androecium consisting each of five members ; 
gynoecium frequently borne on a gynophore, an 
elongation of the axis (Fig 489). 

The majority of the Pass'ifloraceae are tendril- 
climbers, with large beautifully - coloured flowers. 

Especially characteristic of the flowers of many species 
of Bussiflora is the presence of a filamentous corona 
accompanied by successive rings of filaments repre- 
senting a disc The members of this family are for the 
most part indigenous to the Tropics, where many species 
are prized for their edible berries. 

The tropical family Oancaceae is closely allied to 
the Passifloraceae The latex of Canca Papaya, the 
Papaw, contains a proteolytic ferment, papain 

Family Begoniaceae. — Flowers epigynous, uni- 
sexual ; the male with perianth consisting of two 
dimerous whorls , the female with simple pentamerous perianth , stamens 
indefinite, often united ; ovary three-sided, trilocular. 

The Begoniaceae are succulent tropical herbs oi climbing plants, witllpblique^ 
usually somewhat heart-shaped leaves. The flowers, which are commonly white 

2 Q 2 



Fig 4S9 — Pass'i floi a Englei ictna 
Part of a flower k , Sepals , 
c, a petal; w, corona, d, 
disc; gy, gynophore; a, 
anthers , qr , stigmas, nat 
size (After Harms m 
Nairn l Pflanzenfamihen.) 
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or red, are clustered in loose, dicbasial inflorescences. Many species are familiar 
as ornamental plants. 

To the Passiflormae belong also the Loasaceae, a tropical American family 
consisting for the most part of herbaceous climbers, often having stinging hairs. 
A few species are cultivated. 


Order 9. Opuntinae 

With the single family Caetaeeae — Flowers epigynous, actino- 
morphic, hermaphrodite, perianth and androecium ACYCLIC; gynoecium 
consisting of a LARGE, INDEFINITE NUMBER OF CARPELS ; ovary UNI- 
LOCULAR, with many parietal placentae ; ovules with long 
funiculi ; fruit a berry. Herbaceous and woody plants, with fleshy 
axes and usually reduced, thorn-like leaves (Figs. 490, 491). 



Pig 400 — Epipliyllvm tiuncatum 2, Flower cut through 
longitudinally. (Nat size, after Wossidlo ) 



Pig 491 — Opuntia monacantlla, show- 
ing flower and fruit (After Schu- 
mann, | nat size ) 


In many Caetaeeae ( Mamillarid ) the assimilatory vegetative system 
is reduced to an angular, cylindrical, or spherical axis, entirely 
destitute of foliage-leaves ; m other Caetaeeae, again, the assimilatory 
organs are represented by a system of branching axes which may be 
prismatic (Cereu s) or flattened, either band-shaped ( Epiphyllum. Fig 
490) or ovate ( Opuntia, Fig. 491). The clusters of spines occurring on 
the axes represent in most cases reduced leaves. JPeireshia is the only 

genus possessing well-developed foliage-leaves. ’ 

Peculiar as the general appearance of the Caetaeeae is, it is not 



SECT. II 


PHANEROGAMIA 


527 


distinctively characteristic of this family alone, as some of the Euphor- 
biaceae and Asclepiadaceae possess a similar habit. 

Geographical Distribution —The large family of the Oaetaeeae is restricted 
to the warmer countries of America Like most succulents, the plants of this 
group are typically xerophilous, although they occasionally occur as epiphytes 
on the dry hark of trees m damp foiests They attain their greatest development 
in the dry regions in the south-western part of North America, where the columns 
of the Monument Cactus, Germs gvganteus, with their candelabra-like blanches, 
tower 20 m. high above the naked, rocky soil They are especially pievalent 
in the high table-lands of Mexico, and, extending almost to the snow-line, exhibit 
the most astonishing diversity of form One species, Opunhct, ficus mdica, with 
edible berries, has escaped from cultivation m the neighbourhood of the Medi- 
terranean, and, like the American Agave, has become so common that it is now 
a characteristic plant of that region It is on this plant that the Cochineal 
insect is cultivated The Gadaceae aie largely cultivated as hot-house and window 
plants. 

Order 10. Columniferae 


Flowers hypogynous, hermaphrodite, actinomorphic, with valvate 
calyx and pentamerous perianth ; stamens usually MONADELPHOUS, 
although typically five in number, becoming indefinite by division , 
carpels 2 — oo ; ovary syncarpous, SEPTATE, corresponding to the 
number of carpels. 

The androecium, in particular, is characteristic of the Columniferae. 
In some forms it is constructed, according to the Dicotyledonous type, 
of two pentamerous whorls , but in the majority of cases one whorl, 
usually the episepalous, is suppressed or replaced by staminodia, 
while the other, in consequence of the division of the stammal rudi- 
ments, consists of a larger number of members. In addition, the 
filaments of the stamens m most Columnifeiae are united into a longer 
or shorter column, or, more appropriately described, into a tube, 
whose derivation from the five or ten original 
rudiments is only recognisable after investiga- 
tion of its mode of development and a comparison 
with allied forms. A division of the carpels, J 
similar to that of the stamens, is also of frequent 1 
occurrence in the gyncecium. 

Family Tiliaeeae — Sepals free ; petals 
valvate in the bud, stamens usually numer- 
ous, free ; anthers introrse, dithecious ; 
pollen-grams not spiny (Figs. 492, 493). 

The Tiliaeeae are for the most part woody 
plants, with toothed or lobed stipulate leaves. 

The flowers, which are adapted to msect-pollination, are united in 
clusters, and produce a dry capsule or an indehiscent fruit. 

The androecium consists m some species of two pentamerous whorls, thus 

i»nm»oa£m+inn* ■/■Tia nnmifivo ■Hrrwa from wTnr^'h *#“"h P TTinTP **0171 TvllOft'fcPfl &nd.rCSCl£L of 



Figl 492 — Tikace m Floral 
diagram (Tihd) (After 
Eicfiler ) 
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other forms have developed. Sometimes by the suppression of one whorl, either 
the epipetalous or the episepalous, the number of stamens is reduced to five, or, m 



other instances, one whorl is re- 
presented by stammodia. In 
most cases, however, the number 
of stamens is indefinite m con- 
sequence of a division of the 
staminal rudiments extending to 
their very base, the stamens being 
grouped correspondingly in either 
five or ten bundles In some 
forms they are united at the 
base, just as in the Malvaceae, 
but the androecia of the Tihaceae 
are always distinguishable by 
their dithecious, mtrorse antheis 
and smoother pollen-grains. The 
stamens m some species, again, 
are m part transformed into 
petaloid stammodia (e.g. T%ha 
tomentosa). 

This family, which is chiefly 
tropical, is represented m 
noithern regions only by the 
genus T'l’hci, variously known 
under the name of Linden, Bass- 
wood, or Lime-tree Lime-trees 
have two-ranked leaves with small 


Fig 493 — Tiha pa rvifol icr A, Inflorescence (a), with 

hypsophyll b (nat. size) B, Longitudinal section of 
fruit (magnified), o, pericarp, p, atrophied dissepi- 
ment and ovule , q, seed , i , endosperm , s, embryo , t, 
its radicle —Officinal. (After Berg and Schmidt ) 


stipules, and flowers aggregated 
in a cymose umbel. The slendei 
stalk of each inflorescence is 
adnate to an elongated hypso- 


phyll, differing from the foliage- 
leaves (Fig. 493) both in its yellowish colour and shape. The numerous 
stamens are developed from five episepalous rudiments, and in older flowers are 
distinctly grouped in five bundles The ovary is hairy, contains two ovules m 
each of the five loculi, and ripens into an mdehiscent 
fruit with a single endospermous seed. Tiha parmfoha 
has five- to nine-flowered inflorescences and heart-shaped 
leaves, which are beset on the under side, m the angles 
of the nerves, with brown tufts of hair, but otherwise 
are glabrous ; the large-leafed Linden, T. grandtfoha 
(T platyphyllos), has leaves, hairy on the under suiface, 
and three- to five -flowered inflorescences The flowers 



of T . tomentosa have five white stammodia resembling 
the petals. 

Officinal. — B oth Tiha parmfoha and grand%folm, 
yielding Flores Tiliae. 


Fig 494 — Stercnl%acecte 
Floral diagram (TJieo- 
bioma) (After Eichler,) 


Family Sterculiaceae.— Flowers often apetalous , calyx gamosepalous : petals 
contorted; stamens usually not very numerous, monadelphous , anthers 
extrorse, dithecious ; pollen-grams not often spmv (Figs. 494-496). 
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The andrcecium of this family, unlike that of the Tihaceae, is always mon- 
adelphous. It resembles m this respect the andrcecium of the Malvaceae, from 
which, although sometimes only distinguishable by the dithecious anthers, it 
differs m having, as a rule, a much smaller number of stamens. The episepalous 
stamens are never fertile, but are either staminodial or suppressed 

The StercuUaccae are almost exclusively confined to the Tropics, where they 
are constantly met with either as herbaceous plants, shrubs, lianes, oi trees, 
often bearing flowers of a peculiar and unusual form. The only plant m this group 
of value to man is the Cacao-tree, Theobioma Cacao (Figs. 495, 496), a small tree, 




Fig 406 — Friut of Theobi orna 
Cacao, with a portion of the 

Fio 495 — Theobioma Cacao 1, Branch with flow eis» and peneaip removed (j nat size) 

fruit , 2, a flower cut through longitudinally , 3, seed — —Officinal (After Berg and 

Officlnal (Aftei Wossidlo ) Schmidt) 

ongmally native of Mexico, but uow cultivated m all tropical countries The 
small flowers aie red in coloui, and spring fiom the cortex of the stem and older 
branches. The fruit, which is about the size of a small cucumber, and of red or 
orange colour, has a hard longitudinally -ribbed wall, and contains numerous 
disc-shaped seeds embedded within its juicy flesh. After feimentation, when 
roasted and ground, chocolate and cacao are obtained from the seeds. 

Officinal — The seeds of Theobroma Cacao, yielding Cocoa-butter, Oleum 
Cacao Kola nuts, which have recently been recommended for their medicinal 
qualities, aie derived from Kola acv/nimata (West Africa) 

Family Malvaceae. — Calyx gamosepalous ; petals contorted in 
the bud ; stamens numerous, monadelphous ; anthers extror.se, 
MONOTHEOIOUS j pollen-grains SPINY (Figs. 497-500). 
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The Malvaceae are herbaceous or woody plants, abounding in 
mucilage, and usually, at least in their early growth, covered with 
matted woolly hair (Fig. 497) The leaves are palmately nerved and 
frequently palmately lobed The funnel or bell- 
shaped flowers are entomophilous, generally large 
and beautifully coloured. They are either solitary 
and axillary, or grouped in terminal inflorescences, 
and are often provided with an involucre or epi- 
cal yx, formed of three or more bracteoles (Fig. 498). 
The petals are slightly united at the base. The 
numerous monothecious stamens are formed as the 

Fig 4Q7 —Malvaceae. resu lt of a Splitting of the epipetaloUS whorl, which 
Floral diagram (Malt'd) . i 

m tins case extends to the anthers, while the epi- 
sepalous whorl is either entirely suppressed or represented by tooth- 
like staminodia attached to the top of the staminal tube. The 
gyncecium is often multicarpellary, and gives rise to a capsule or 
sehizocarp (Fig. 499, c) , 

Representative Sub-Families — (1) Malveae , with sehizocarpous fruit, pro- 
duced from numerous carpels arranged m a whorl , e g. Malva, with epicalyx 
consisting of three free involucral bracteoles ; Lavatera, with epicalyx of three 
united bracteoles , Althaea, with epicalyx of six to nine bracteoles united at the 




Fig 49S — Flower of Althaea officin- 
alis, cut through longitudinally 
a, Outer, 6, inner calyx , c, petals , 
il, andrcecium , /, pistil 3 c, ovule 
(magnified) (Aftei Bekg and 
Schmidt ) 


Fig 499 — Malva vest ns a , Flowei , b, 

flower-bud , c, fruit (nat size ) — Officinal 


base. (2) Hzbisceae, with fruit m the form of a capsule ; e.g Hibiscus (Rose- 
Mallow), Gossypmm (the Cotton-plant). 

Geographical Distribution. — With the exception of the polar regions, 
members of the Mallow family are found distributed over the whole earth, 
although chiefly occurring m the warmer zones Althaea rosea , the Hollyhock, 
and some of the bushy species of Hibiscus are favourite ornamental plants The 
species of Gossypmm, irom which cotton is obtained, are mostly shrubs with lobed 
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leaves and bell-shaped yellow or red flowers (Pig. 500). The Cotton-plant, which 
still grows wild m tropical countries, is largely cultivated m all the warmer 
regions of Asia and America The fruit (Fig 500, 2) is a capsule packed with 
white, yellow, or biown hairs (cotton), which are attached to the seeds (3), and 
serve as an aid to wind -distribution (cf. p 291). 

Officinal — Malva vulgaris and M sihestns (High- Mallow) supply Folia 
Malvae, and M sihestns (Fig 499) also Flores Malvae. The leaves, Folia 
Althaeae, and the roots, Radix Althaeas, of Althaea officinalis (common 



Fig 500 — Gossypunn habciceum 1, Flowering branch , 2, fruit , 3, seed (nat size) — 

Officix \l. (After Wo&sidlo ) 

Marsli-Mallow) are used medicinally, as are also the same parts of Oossypiwni 
(Fig. £00) 

The Bombacaceae are very closely allied to Malvaceae, they are a family of 
tropical trees, whose stems of soft wood are often enoimously thick, and swollen 
m the middle like a barrel. The flowers are unusually large, beautifully coloured, 
and frequently zygomorphic , the seeds are sometimes enveloped m long, silky 
hairs. 


Order 11. Gruinales 

Flowers hypogynous, hermaphrodite, actinomorphic, and penta- 
merous throughout, or zygomorphic, and then often reduced, never 
WITH POLYMEROUS WHORLS FORMED BY SPLITTING; stamens MON- 
ADELPHOUS AT the BASE, obdiplostemonous ; DISC ABSENT ; ovary 
syncarpous, septated , micropyle directed upwards. 
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The Grumales are distinguished from the Colummferae by the 
partially monadelphous stamens, and by the absence of splitting m the 
andrcecium. In both orders one whorl of stamens is often suppressed 
or replaced by staminodia. The absence of a disc and the position of 
the micropyle distinguish the Grmnales from the allied order Tere- 
binthmae and the Aescuhnae. 

Family Geraniaeeae. — Flowers actinomorphic, rarely zygomorphic, 
pentamerous throughout , stamens five or ten ; ovary with two ovules 

in each loculus ; carpels prolonged into 
an awn, and becoming detached, 

WHEN RIPE, FROM A PERSISTENT CEN- 
TRAL COLUMN (Fig. 501). 

The Geraniaeeae are herbs, or, in 
warm climates, small shrubs, with simple 
leaves and usually with glandular hairs, 
which secrete an aromatic oil. The 
flowers are either axillary and solitary* 
or clustered in inflorescences of various 
types, and have usually a carmine or 
crimson corolla The carpels m many 
species remain closed, and are forced into 
the ground by the movements of the 
spirally- twisting hygroscopic awn {eg. 
Erodmrn) In most of the large-flowered 
species of Geramvm the awns, m coiling, 
contract with such suddenness that the 
seeds are shot out from the carpels, which rupture along the ventral 
suture. The two genera may readily be distinguished, as Erodmrn 
(Storksbill) has only five stamens, while in Geranium (Cranesbill) ten 
are present. 



Fig 501. — Fruit of Pelai gomum inqin- 
nan% x3 (After Baillon ) 


Geographical Distribution — Members of tins family are found widely 
scattered over all zones The various species of Pelargonium (flowers zygomorphic), 
which are so largely cultivated, are indigenous to South Africa 

The Tropaeolaceae, a small South American family, occupy a systematic 
position not widely removed from the Geraniaeeae They have zygomorphic 
floweis, with eight stamens and three carpels Various species of Tropaeolum , 
Indian Ciess or so-called Garden Nasturtium, are frequently cultivated 

Family Oxalidaeeae. — Flowers actinomorphic, with ten fertile 
stamens ; ovary with several ovules m each loculus , fruit a 
capsule. Herbs and woody plants with compound leaves ; more 
rarely with phyllodia. 

A chiefly tropical family, of which Osaalis acetosella, the common Wood-Sorrel, 
is a familiar representative , its sour taste is due to the presence of acid potassium 
oxalate. 


Family Linaeeae. — Flowers actinomorphic ; four- or five-merous , 
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stamens monadelphous, the epipetalous whorl wanting or stamin- 
ODiALj each loculus of the ovary incompletely halved hy a false 
dissepiment, and having one ovule in 
each chamber ; fruit drupaceous or else a 
capsule. Herbs and shrubs with narrow, 

ENTIRE LEAVES (Fig 502). 

The only plant of economic value in this 
family is the Flax, Lmum usitaUssimum, an 
annual herb, native of W estern Asia, and known 
in cultivation since the earliest historic ages. 

The flowers (Fig 502 ) are blue, and borne m 
cymose infloiescences Linen is woven from the 
strong bast-fibres of the steins, while the seeds 
are also of value on account of the oil (linseed 
oil) extracted from them 

Officinal — Lmum usitattssimum yields 
Semen Lini 

Family Balsaminaeeae — Flowers 

ZYGOMORPHIC, With five FREE stamens ; Fig 502 —Ltnum usitatiasimum A, 

fruit a capsule, BURSTING WHEN RIPE Fiower 3, androecmm and gyn- 
A -r-r , . * . , ceciuni , C , capsule after dehiscence 

INTO VALVES. Herbs with simple (A , na t S i Ze , b, c, x 3 )- 
leaves. officinal. 



Beautifully flowering species of the genus ImpaUens (Balsam, Jewel -weed) 
constitute a large part of the herbaceous vegetation of the forests of East India. 
ImpaUens noli tango e and other species of the same genus are familiar under the 
name of “Touch-me-not” oi Snapweed. I parvifloia and I. Balsamina are culti- 
vated ornamental plants. 

Family Erythroxylaceae — Flowers actinomopjphic , petals with a hgular 



Fig 503 —Polygala Senega *4, Flowei , a, small, b, laige sepals , c, keel , e, lateral petals , d, 
androecium B, androecium , h, anthers (magnified) —Officinal. (After Berg and Schmidt ) 

appendage , stamens ten, united into a tube , gynceoium most frequently mono- 
merous ; fruit a drupe Tropical woody plants. 

Officinal. — Erythroxylum Goca, a shrub growing m Bolivia and Peru. Its 
leaves (Folia Coca) contain the alkaloid cocaine 

Family Polygalaceae. — Flowers zygomorphic, with incomplete 
whorls, the corolla being reduced to three petals, and the androecium 
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to eight stamens united into a tube , gynoecium dimerous ; fruit 
a capsule or drupe (Fig. 503). 

The Polygalaceae include herbs, shrubs, and lianes, with simple leaves , they 
are widely distributed over the whole globe. Their flowers m general appearance 
somewhat resemble those of the Papilionctceae, but the wings belong to the calyx 
and not to the corona. The keel, however, is a petal The anthers open by pores. 
The various species of Milkwort ( Polygala ) are familiar representatives of this 
family. 

Officinal —The North American Seneca, Snakeroot ( Polygala Senega, Fig. 
503), supplies the officinal root Senega. 


Order 1 2 Terebinthinae 


Flowers as in the preceding order, but with an intra-staminal 
disc. For the most part woody plants, with ethereal oils which 
occur in canals or cells. 

This order stands m close relation with the Ghumales, with which 
it is now sometimes united The fact, however, that m the majority 

of cases members of this order exhibit special 
characteristics which, although sometimes modi- 
fied, are traceable throughout the varying 
forms of the order, would seem to indicate their 
common origin Thus the majority of the Tei'e- 
bmthmae are aromatic woody plants, with pinnate, 
persistent glabrous leaves and small or at most 
medium-sized flowers, which possess a fleshy disc 
at the base of the ovary (Fig. 504, e), and are 
disposed m racemose or cymose inflorescences. 
They are found chiefly m warm countries, grow- 
ing m dry and sunny situations. 

Family Rutaeeae — Flowers usually actmo- 
morphic and four- to five-merous throughout; 
stamens m one or two whorls, sometimes as a 
result of division , numerous Woody plants, 
rarely herbs, usually with pinnate leaves and 
with ethereal oil in nearly spherical intercellular cavities 
(Figs 504, 505) 



Fig 504 — Iiuta grcneolens 
Flower after removal of 
the corolla , a, calyx , c, 
stamens , e, disc , f, nec- 
taries , d, o\ary , h, stjle , 
% , stigma (magnified) 
(After Berg and 
Schmidt ) 


This large family is almost exclusively restricted to the warm zones. The members 
of the Mutaceae of especial value to man belong to the genus Citrus , which differs 
m many respects from the family type The Citrus species are small, evergreen, 
and often spinous trees. The leaves are apparently simple, but m reality they 
are compound leaves reduced to a single leaflet, as is evident from the presence of 
a segmentation below the lamina, and from a comparison with allied forms The 
white, fragrant flowers have a gamosepalous calyx, four to eight thick petals, and 
numerous stamens united m bundles The fruit is a multilocular berry with a 
leathery outer layer full of oil-cavities. The juicy pulp consists of the enlarged, 
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abnormally - developed partition - walls. The seeds contain several adventitious 
embryos. All the species of Citrus are native of tropical Asia, but most of them 
are now cultivated m all warm countries The most important are — C. vulgaris, 
the Bitter or Seville Orange ; C Aurantium, the Sweet Orange (Fig. 505) , 0. 
Ltmonum, the Lemon ; C medica, the Citron 

Poisonous — An incautious use of the Rue ( Huta graveolens), a popular medi- 
cinal plant, has sometimes an injurious effect. The Rue is an aromatic under- 
shrub, with twice or thrice pinnate, glaucous leaves, and dichasial cmcmnal 
inflorescences of yellow flowers (Fig 504) 

Officinal — Citrus vulgar is yields Cortex fructus Aurantii and Fructus 
Aurantii immaturi. Oleum Aurantii florum and Folia Aurantii; Citrus 
Limonum, Cortex Limonis , Pilocarpus pennatifohus (Brazil), Folia Jaborandi. 



Fig 505 —Citnm Aurantium 1, Flowering branch , 2, a flower cut through longitudinallj 
3, fruit in longitudinal section , 4, seed — OFFiClXAL (After Wossidlo.) 

Family Burseraceae — As m the preceding family, but with resin-canals 
Tropical trees. 

Officinal. — Myrrh, the resin of Commiphora Myrrha, a small East African 
and Arabian tree ; Frankincense, from Boswclha Cartesn and Boswelha Bhau- 
Dajiana (Arabia, East Afuca), Elemi, from Canamum sp. (Philippine Islands) 

Family Simarubaceae — Like the Butaceae, only without oil-cavities, but some- 
times with oil-canals ; the vegetative parts contain bitter principles. Tropical 
woody plants. 

Officinal — Lignum Quassiae, from Picraena excelsa (West Indies, chiefly 
Jamaica) and Quassia amara (Surinam) 

The Anacardiaceae occupy a position between the Terebmthinae (especially the 
Burseraceae ) and the Sapmdinae They resemble the first m appearance and m the 
possession of resin-canals and an intra-staminal disc, and the latter m the upward- 
directed nucropyle Many members of this family are poisonous plants, e.g. 
the species of Rhus, Sumach 

Officinal — Mastiche, a gum-resin, obtained from Pistacia Lenticus (Medi- 
terranean). 
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Order 13. Sapindinae 

Flowers hypogynous, actanomorphic, or more frequently obliquely 
zygomorphic, with pentamerous perianth ; androecium usually re- 
duced, having only eight stamens ; an extra-staminal disc com- 
monly present ; ovary two- or three-merous, septated ; ovules pendulous 
with micropyle directed upwards and inwards, or erect with 
micropyle directed downwards and outwards. Woody plants. 

This order comprises for the most part trees or lianes with deeply 



Fig 506 —Am eampestre 1, Flowering branch , 2, a flower cut thro ug h longitudinally , 

3, a stamen , 4, the truit (After Wossidlo ) 

lobed or compound leaves and small flowers. The inflorescences are either 
strictly racemose or have cymose secondary axes. None of the species 
of this order contain aromatic oils , all are apparently entomophilous. 

Family Aeeraeeae. — Flowers actinomorphic, usually with eight 
stamens ; ovary bilocular, having two ovules in each loculus , fruit a 
winged schizocarp (samara) , leaves opposite (Fig. 506). 

TMs family consists principally of the genus Acer (Maple), whose numerous 
species inhabit chiefly the North Temperate Zone, particularly of Asia. Acer 
eampestre (Fig 506), a frequently cultivated European species, has palmately lobed 
leaves, and erect cymose umbels composed of small greenish-yellow flowers, whose 
fragrance, together with the nectar secreted by the disc, attracts insects. The fruit 
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is a samara with two-v mged nut-like fruitlets. Acer platanoidcs, unlike the preced- 
ing species, has leaves with sharp-pointed lobes Acer Pseudo-Platanus, the Syca- 
more, is easily recognised by its elongated pendulous racemes ; Acer JSfegunelo, the 
Ash-leaved Maple (North America), is characterised by its pinnate leaves. Maple- 
sugar is made from the ascending spring-sap of the Sugar-maple, Acer saccharinutii. 

Family Sapindaeeae — Flowers usually obliquely zygomorphic, 
with eight stamens , ovary commonly TRILOCULAR, with one or two 
ovules in each loculus ; leaves in most cases alternate 

Between this family and the Acetaceae there aie no very distinct differences. 
The majority of the Sapindacccic are tiopical, having the form of tendnl-chmbing 
lianes with flexible and often comparatively thick stems Seveial species of the 
genus Aeseulus, which is often made the type of a distinct family, are fre- 
quently cultivated as ornamental tiees Of these, the common Horse-Chestnut, 
A. Hippoeastanum, which is found growing wild fiom Greece to the Himalayas, 
is pel haps the most familiar example It has opposite, digitate leaves, and 
inflorescences of scorpioid racemes. The flowers are distinctly zygomorphic , they 
have seven stamens, and tv o ovules in each of the three loculi of the ovary , the 
fruit is a spinous capsule. 


Order 14 Frangulinae 

Flowers hypogynous, sometimes peragynous or epigynous, actino- 
MORPHic, in the perianth and andrcecium three- to four-merous, HAP- 
lostemonous, usually with disc ; ovary two- to five-merous, septate, 
with one or two ovules in each loculus; micropyle directed 
DOWNWARDS. 

The Ft angulmac comprise, for the most pai t, shrubs, sometimes growing erect, 
sometimes climbing by means of tendiils The leaves aie generally simple, m 
some cases, however, pmuately compound. Although entomophilous, the flowers 
are characteristically small and inconspicuous, usually with reduced calyx and 
greenish 01 white corolla. They have only a single whorl of stamens, which may 
be placed opposite either the sepals or petals The fruit is dry 01 juicy. 

Family Celastraceae. — Flowers hypogynous ; stamens episepal- 
ous, inserted on a disc , ovary two- to five-locular, with two ovules 
in each loculus, seeds with coloured ARIL (Fig. 507). 

Chiefly tropical trees and lianes Evonymus europuca, the Spmdle-tiee (Fig. 
507), has poisonous fiuits and seeds with a red anl. 

Family Aquifoliaeeae — Flowers hypogynous ; stamens epi- 
SEPALOUS ; DISC wanting ; ovary two- to five-locular, with one ovule 
in each loculus ; seeds without aril. 

The plants familiarly known as Holly aie included m this family, belonging to 
the genus Ilex, e g. I. Aguifolmm, the English Holly The leaves, known com- 
mercially as Paraguay tea (matiS), aie derived fiom several sub-tropical South 
American species of the genus Ilex. 

Family Vitaeeae — Flowers hypogynous , stamens epipetalous , 

2 R 
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disc incomplete, consisting of separate glands ; ovary generally tvo- 
locular ; fruit a berry. Climbing shrubs with tendrils opposite 
the leaves (Fig* 508). 

The Vitaceae are chiefly indigenous to tropical countries, where many species, 
particularly of the genus Cissus , are common lianes, some of which, when cut, 
supply a large quantity of clear water. Many species of Vitvs are natives of North 
America; e.g. V Labmsca, the Northern Box-Grape, now laigely grown m 
Europe, and the Virginia Creeper, Ampelopsis hedeiacea, so frequently cultivated as 
an ornamental climber Vitis ivtufera, the Vine, one of the oldest of cultivated 



Fig 507 — Evonymus eui opaea A, Flowering branch (re- 
duced) , JO, a flower (magnified) , C, D, the fruit (nat. size) 
— Poisoxois 



Fig 60S — Vitis vmifvni Flower 
duung its ant-lies is a, Calyx , 
b, corolla , t , disc , d , stamens , 
e, o\ary (magnified) (After 
Berg and Schaiidi\) 



Fig 509 — Mhamnns Jjbanguhu 
Flower cut through longi- 
tudinally ct , Receptacle , b, 

calyx , c, petal , d, a stamen s 
e, jnstil (magnified) (Aftei 
Blrg and Schmidt ) 


plants, grows wild in the temperate regions of Western Asia, Southern Europe, 
and iNTorthern Africa. The tendrils of the Grape-vine, as is shown by the presence 
of small leaves, are metamorphosed shoots The inflorescence is a profusely 
branched panicle with pentamerous flowers. The coiolla, becoming detached from 
the flower-axis during the anthesis or act of flowering, is thrown off m the form of 
a small stai, and is, m consequence, apparently wanting m the opened flowers (Fig. 
508) The Vine has given use by cultivation to numeious improved varieties and - 
races. Connthian or dried currants are the small fruits of a seedless variety 
Officinal. — Vinttm. 
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Family Rhamnaeeae — Flowers perigynous or epigynous ; 
petals usually small, often hood-shaped , disc complete , ovary com- 
monly three-looular ; fruit a drupe or capsule. Mostly erect, rarely 
climbing shrubs, chiefly tropical (Fig. 509). 

Jthamnus cathaitiea, tlie common Buckthorn, is a thorny dioecious shrub with 
opposite, finely serrate leaves, and unisexual tetiamerous floweis producing four- 
locular drupes R. Frangula, the Alder Buckthorn, has scatteied, elliptical, 
entire leaves, small hermaphrodite flow ers (Pig 509), united in clusters, and black 
two- to tin ee- locular diupes. Chaicoal made from the wood of this species is 
used in the manufacture of gunpow'der. 

Officinal — Piutctus Rhamni Cathahticae, Coetex Fkangulae, Ooetex 
Rhamni Pukshianae, from Rhamnus Purshiana, native of North America 

The family Buxaceae, formerly included m the same order w ith the JSuphcn - 
biaceae, has lecently been given a systematic position near the Celastraeeae The 
Buxaceae differ fiom other families belonging to the Frangulinae, chiefly m 
having flowers that are either entirely naked or only piovided with a simple, floral 
envelope The most familial repiesentative is the Box, Buxus sempei Virens, a 
poisonous evergreen-shrub frequently cultivated for ornamental boiders, etc. To 
the same alliance belongs also the family Enipetraeeae Empeti uni nigrum, the 
Black Crowbeiry, is a small heatlier-like shrub of alpine habit, bearing tiimerous 
flow ers 


Order 15 Thymelaeinae 

Flowers perigynous, actmomorphic , perianth and androecium four- 
to five-merous ; corolla re- 
duced or wanting , one or 
two whorls of stamens ; ovary 
inonomerous, with one ovule 
Mostly woody plants. 

The majority of the 
Thymelaeinae are shrubs with 
simple, entire leaves destitute 
of stipules ; the flowers are 
usually small, with calyx and 
receptacle sometimes calyeoid, 
sometimes corollaceous. 

Family Thymelaeaeeae. 

— Corolla absent or reduced 
to scales , ovules suspended , 

FRUIT FORMED SOLELY OF 
THE OVARY (Fig 510). 

Chiefly sub-tropical plants of 
the Southern Hemisphere, repre- 
sented m Europe by Thymelaca fig 510 — Daphne Mesereum (J nat sue) —Poi&o^ovn 
and Daphne 

Poisonous — All the German species of Daphne (D Mezereum, D. Cncorum, 
D striata, and D Laureola ) are poisonous D Mezeieum, a deciduous oma- 
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mental shrub, familiar in cultivation, has flagrant, rose-coloured sessile flowers, 
which make their appearance m the early spring, before the foliage-leaves, on the 
shoots of the previous year. The fruit, is a red beiry about the size of a pea 
(Fig. 510). 

Family Elaeagnaeeae. — Corolla always suppressed , ovules 
erect ; fruit surrounded by the persistent fleshy receptacle. Woody 
plants, WITH SCALY HAIRS. 

Hippophae rhamnoides is a thorny shrub, sometimes common on the banks of 
European streams, with leaves on the under side, covered with hairs, giving them a 
silvery appearance Several species of Elaccignus and Shejohei diet (North Amenca) 
are frequently cultivated as garden shrubs. 

The family P; oteaceae, comprising a large number of Australian and South 
African plants, is included, with some uncertainty, in this order. Seveial species, 
on account of then large and beautiful flowers, are cultivated m conservatories 


Order 16 Trieoeeae 

Family Euphorbiaeeae. — Flowers hypogynous, actinomorphic, 



Fir. 511 —Diagram of a dicliasial branch of EuphoAna, with three cyathia (After Eichler ) 


mostly unisexual) perianth rarely double, usually simple or 
wanting , andrceeium 1-co merous ; ovary of three carpels, tn- 



Fig 512 Eupho'i bia Lathy Mb A, Cyathium (x5), E, fruit aftei dehiscence , c, central column 
(X 2), C, seed cut through longitudmally, showing the embryo embedded m the endosperm , 
ca, caruncle (magnified) (After Baillon ) 


locular, with one or two suspended ovules in each loculus , micropyle 
DIRECTED upwards and outwards, and covered with a fleshy out- 
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growth (caruncle). Fruit commonly a capsule, whose carpels 
SEPARATE ELASTICALLY FROM A CENTRAL COLUMN (Figs. 511- 

516) 

The single constant characteristic of the Tricoccae is the manner 
of attachment and structure of the ovule The Euphorbiaceae include 
plants of the most varied habit, embracing herbs, Cactus-like succu- 
lents, shrubs, lianes, and trees, whose leaves may be large, or small, 
or reduced to scales, or represented by phyllocladia. 



Fig. 513 — Euphorbia resimfcm — Officinal* 
(After Berg and Schmidt, nat size ) 



Fig 514 — Euphorbia cyparissias (§ nat size) — 
Poisonous. 


The flowers, which individually are always small and inconspicuous, 
display the same variety in their structure as the vegetative parts. 
They are sometimes arranged in flower-like inflorescences enveloped 
by a corollaceous sheath (cf. Euphorbia). Although some few 
species produce dry mdehiscent fruits, berries or drupes, the usually 
trilocular capsules whose carpels or cocci, in dehiscing, separate 
elastically from a central column (sometimes with great violence, e.g. 
Sura crepitans), and split almost to their base, constitute an easy and 
certain means of recognising the majority of the Euphorbiaceae. In 
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flower, are together enveloped by a lobed, bell-shaped involucre, forming an in- 
florescence termed a cyathittm Such a cyathium resembles a single hermaph- 
rodite flower, particularly when the sheathing involucre is corollaceous. That 
it, «m reality, represents an inflorescence, is apparent from the indication of a 
segmentation visible below each stamen, and also from a comparison with allied 
genera m which each flower, although otherwise similarly constructed, is provided 
with a pengone. ^ All the species of EuphorUa have unseptated latex-tubes con- 
taining a milky Juice. ATc tciotico Its ■ flowers dioecious, with green pengone and 
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dimeious ovaries. Croton • all the species of this genus are tiopical shiubs v ltli 
monoecious, heterochlamydeous flowers Iticimis (see under Officinal). 

Geographical Distribution — The plants of this family are native chiefly of 
tropical countries, where they occur usually m the form of shrubs, rarely as lianes 
or tiees Caoutchouc is derived from many of the tropical species, e g. Hevea 
guycinensis and EC brasiliensis (South America) The roots of Mamhot utihssima 
(Manioc, Cassava) foim an important aiticle of food in the Tropics ; from them 
Tapioca is obtained 

Poisonous — Both the latex and seeds of most Euphoi biaceae contain toxic 
pnnciples. Some species belong to the most poisonous of plants, e g. the tropical 
American Hippomanc, Mancmella, whose dangerous character, however, has been 



Fig 516 —Mr) amah* annua 1 , Branch with male inflorescences , 2, a male flower , 3, a stamen , 

4, a female flower , 5, fruit , 6, seed , 7, diagram of female flower , S, diagram of male flower — 

Poi&oxoc# (Attei Wossidlo , 2, 3, 4, 0, 6 magnified ) 

considefhbly exaggerated All the species of Euphorbia (Figs. 513, 514), and also, 
though to a less degree, the species of Mercwriahs (Fig. 516), aie poisonous. The 
seeds of JRicinus communis (the Castor-oil plant, Fig 515), but not the oil piessed 
from them, contain a deadly poison. 

Officinal — Euphorbium, from Euphoibia ? esmtfera, a Cactus -like shrub 
giowmg in Morocco (Fig 513) Cortex Cascarillae, from Croton Eleutema 
(Bahama Islands) Oleum Crotonis, from Croton Tig hum (East Indies) 
Kamala, the glandular hairs of the capsules of Mallotus phifoppmensis, a small 
tree widely distributed m East Asia and Australia Oleum Ricini, obtained from 
the seeds of Eicinus communis The Castor-oil plant, now so familiar m cultiva- 
tion, m its native home in Afnca is a tree-like plant with large palmately-lobed 
leaves. The male flowers have branched stamens and occupy the lower, the 
f emale the upper part of the axis of the inflorescence. Both kinds of flowers are 
provided with a simple envelope. The fruit is a three-seeded spinous capsule 
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The small family CalUtnchaceae is also considered, although not with certainty, 
to belong to the same alliance as the Euphorbiaceae. It comprises only small 
submerged water-plants with unisexual naked flowers ; each male flower consists 
of only one stamen, and each female flower of a single pistil. 


Order 17. Umbelliflorae 


Flowers actinomorphic, more rarely slightly zygomorphic, epigynous, 
with a four- to five-merous perianth, HAPLOSTEMONOUS ; calyx GREATLY 
reduced; an intra-staminal DISC present; gynoecium usually dimerous; 
ovary bilocular, with one ovule in each loculus , seeds with large 
endosperm. Herbs and shrubs, commonly with hollow AXES ; leaves 
divided or compound, usually with sheathing bases , flowers small, 
aggregated in umbels or in umbellate inflorescences. 

In the structure of their flowers and fruit the Umbelliflorae bear 
a close resemblance on the one side to the few epigynous Fran- 
gulinae, on the other, through the Gaprifokaceae , to the Rubiinae , from 
which they essentially differ in not having gamopetalous flowers. 
The union of the members of this group into a natural, systematic 
order is chiefly based on the similarity exhibited in the form of their 



Fig 51T — Ooriius inus 1, Flowering branch ; 
2, flower cut through longitudinally; 3, 
branch with fruit (After Wossidlo.) 


inflorescences and on the resemblance 
existing between their vegetative 
parts. The designation of the whole 
order as Umbelliflorae has reference 
to the umbelliform manner of branch- 
ing displayed m the floral region , 
the inflorescences are usually com- 
pound umbels, rarely simple umbels 
or umbellate panicles or cymes. 
The flowers in most cases are white 
or yellow. There is a similar corre- 
spondence in the vegetative organs. 
The stems are generally hollow , 
the leaves are scattered, often very 
large, usually much divided or com- 
pound, and almost always with stalks 
broadened at the base into a sheath. 

Family Cornaeeae. — Perianth 
and androecium usually tetramerous, 
petals valvate or imbricated in 
the bud ; gynoecium most often 
dimerous with simple style ; ovary 
one- to four-locular, fruit a drupe 
or berry (Fig. 517). 


This family forms a connecting 
link between the Rhamnaceae and the typical Umbelliflorae. It com- 
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prises but few herbs, and is usually represented by woody plants with 
flowers arranged in dichasial inflorescences, and with decussate leaves, 
which are generally undivided and without a sheath, e.g. Cornus, Dog- 
wood, Cornel (Fig. 517). 

Family Araliaceae. — Perianth and androecium usually penta- 
merous ; petals valvate in the bud ; gynoecium generally MORE than 
dimerous ; styles most frequently free , ovary one to many locular : 
fruit a DRUPE or berry (Fig. 518). 



Fig 51 S — Hedera Helix 1, Flowering branch , 2, leaf of a sterile branch 9 3, flower cut through 
longitudinally ; 4, floial diagram ; 5, fruit ; 6, seed —Poisonous. (Aftei Wos&idlo.) 


A family of small woody plants with stems either hollow or filled 
with a spongy pith ; rarely solid and woody. The leaves, which 
are scattered and provided with sheathing bases, are lobed or com- 
pound The flowers are arranged in umbellate or capitate inflores- 
cences, which are frequently aggregated into panicles. 

The At aliaceae are found chiefly m tropical Asia, where, in the form of small 
sparingly-branched trees with large divided leaves and enormous inflorescences of 
small yellow flowers, they constitute a charactenstic part 'of the vegetation To 
this family belongs the Ivy, Hedera, Hehx (Fig. 518), a root-climbing, evergreen 
shrub, with differently shaped leaves on the fertile and sterile shoots. The benies 
are poisonous 

Family Umbelliferae. — Perianth and androecium generally penta- 
merous , petals valvate in the bud ; gynoecium dimerous, with 
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free styles; fruit schizocarpic, usually with oil-ducts. Flowers, 
with few exceptions, in compound umbels (Figs. 519-525). 

The Umbelhferae form one of the most 
natural and easily recognisable plant-families 
They are, in the majority of cases, perennial 
herbs with hollow stems and divided leaves 
■with sheathing bases. The inflorescences are 
usually compound, and consist of many umbels 
of small white or yellow, rarely reddish or 
violet, flowers, which give rise to brownish 
Fig 510 -Umbeih/eroe. ribbed, aromatic schizocarps (Figs. 520, 521). 

Floral (liagiam (Silei) 

The umbels are often altogether devoid of subtend- 
ing leaves , where such are present, they form an inconspicuous whorl of bracts, 
termed an involucre when at the base of the compound umbel, an mvolucel if 

subtending the umbellets or secondary umbels 
(Figs 523, 524) The piesence 01 absence of 
mvolucral whorls is characteristic of different 
genera, and is, therefoie, of gieat service m 
distinguishing them 








Fig j 21 — Flint of lanous Umbelhferae m tians- 
*serse section 1, Fomiculim officinale, 2, Ptm- 
pinellct Anisum , 3, Conmnt maculatum, , 4, Conan- 
(hum sativum — Officinal (After Bekg and 
Schmidt ) 


Fig 520 — Carum Carm l, Branch with The following examples maybe cited as 

ripe fruit 2, a flower; s, the same cut dlustratmg deviations from the usual habit 
through longitudinally; 4, fruit; 5, _ , _ 

trans\ erse section of fruit -Official simple entire leaves (e g Bupleui um) , simple 
(After Wossidlo ) umbels (e.g Astrantm) ; compound inflor- 

escences, paniculate ( e g . Dorema) , large 
corollaceous involucres {e>y. Astumtia , Eryng%um). The most striking variation 
from the typical habit is the occurrence in temperate South America of Umbelhferae 
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with solitary flowers ( Azore.Ua ). All the flowers of an umbel are usually actmo- 
morphic and hermaphrodite. Sometimes, as m Conandrurn and H&raol&um (Cow- 
Parsnip), the peripheral flowers are zygomorphic , or m some cases the umbel has a 
central terminal flower of a distinctive colour and size (e g. Daucus), or it may consist 
m part of unisexual flowers The calyx is usually barely distinguishable , the petals 
are piovided with a short claw and are obcordate m shape or have incurved apices. 
The disc, which is sometimes termed a gynophore, consists of two cushion-like 
swellings and secretes honey. The stamens are incurved m the bud. The styles 
are short and divergent, with their apices not distinctly differentiated. 

An exact knowledge of the structure of the fruits is indispensable, 
as these exhibit the most important distinguishing characters of the 



specif, which in other respects are very much alike (especially poisonous 
species). The fruits of many species, moreover, are officinal, or are used 
as spices The fruit, which is usually small and of varying shape, is a 
dry schizocarp, and splits when ripe into MERICARPS. It is most fre- 
quently somewhat elongated, and circular or elliptical in transverse 
section , in the latter case, with the major axis either perpendicular 
or at right angles to the plane of union of the two carpels. When an 
elliptical transverse section is very narrow, the fruit is disc-shaped 
(Heracleum) Fruits of a spherical ( Conandrurn ) or double-spherical 
form (Bifora) are more rare. After their separation, the two carpels 
or mericarps usually remain suspended from a forked stalk, the CARPO- 
PHORE, until they are eventually detached by the wind. A carpophore 
is absent in only a few species (e.g. the formerly officinal Oenanthe 
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Phellandrium ). Each mericarp bears on its free surface five longitudinal 
ridges, enclosing vascular bundles ; these are known as the main BIBS 
(jtjga prdiaria). The furrows (vallecula:) between the ridges 
are usually dark-coloured in consequence of the reddish-brown oil- 
ducts (vitta:) which occur immediately below' in the tissue of the 1 
pericarp (Fig. 521, 1). In many species each of the furrows is 



Fig 523 — Conirni maculatuvi Q- nat 
size) —Poisonous and Officinal. 


traversed by a secondary ridge (jugum: secundarium) , the prickly 
fruit, for example, of the common Carrot, Daucus Gcurota, possesses 
prickly secondary ridges. In many genera (e.g. Pimpnella) several 
oil-ducts occur below each furrow (Fig. 521, 2) ; m others, the oil- 
ducts may be present m less than the usual number (Coriandrum, Fig 
521, 4) or altogether absent (Comum, Fig. 521, 3). The seed com- 
pletely fills the whole cavity of the mericarp, and is adherent to the 
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pericarp. It contains a large oleaginous endosperm, m the upper 
part of which the minute embryo lies embedded 

According to the form assumed by the endosperm, the following 
sub-families may be distinguished. 

1 Orthospermeae — Tiie endosperm flat, or slightly convex on the ventral 
side, 4 e on the side turned towards the plane of junction of the two men- 
carps (Fig. 521, 1, 2), e g. Hydrocotyle (Water-Pennywort), Samcula (Samcle), 
JSryngium (Eryngo), Cicuta (Water-Hemlock), Garum (Caraway), Peti oselinuon 
(Parsley), Pimpmella, Sium (Water- Parsnip), Bupleuruni (Thorough - wax), 
Oenanthe (Drop-wort), Aethusa (Pool’s Parsley), Foemmlum (Fennel), Levisticum 



Fig 525 — -ActhuM Cynapmm (g nat size) — Poisoxous 


(Lova^), Angelica , Archangelica, Heracleum (Cow-Parsnip), Fastmaca (Parsnip), 
Daucus (Carrot), etc 

2 Campylospe-t meae — The ventral side of the endosperm is traversed by a longi- 
tudinal groove (Fig 521, 3) : e.g Gaucahs (Bur Parsley), Tonlis (Hedge Parsley), 
Scandix (Shepherd’s Needle), Anthnscus (Beaked Parsley), Ghaerophyllum (Chervil), 
Gomum, (Hemlock), etc. 

3. Ooelospermcae — The ventral side of the endosperm is concave, e g Coricm- 
drum, Coriander (Fig 521, 4). 

Geographical Distribution. — The numerous species of Umbelliferae are, for 
the most part, indigenous to the North Temperate Zone ; those occurring m the 
Tropics grow almost exclusively m the cooler mountainous regions, while the 
South Temperate Zone possesses some peculiar, abnormally -developed forms 
Many members of this family are cultivated for culinary purposes, in most cases 
on account of their aromatic properties ; e.g the Common Carrot, Daucus Garota 
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var. sativa ; Celery, Apiun graveolens ; Garden Chervil, Anthnscus Cerefohum; 
Parsley, Petroselinum sativum ; Dill, Anethum graveolens ; and als6 several of the 
officinal species. 

Poisonous. — Conium maculatum, the Poison Hemlock (Fig 523), a glabrous 
herb, often more than a metre in height, with hollow stems and dull-green de- 
compound leaves. The lower parts of the stems are very frequently, but not 
always, purple-spotted. The plant is easily recognised by the wavy, crenate ridges 
of its short, laterally compressed fruit, and also by its disagreeable odour when 
bruised (resembling that of mice). Qicuta mrosa, the Water-Hemlock (Fig 522), 
a large herb growing along the edges of ponds and ditches, is one of the most 
dangerous of poisonous plants. It has a turnip-hlce white rhizome bull of 
internal cavities, and large tripmnate leaves with narrow lanceolate, serrate 
leaflets. The small white flowers are aggregated in compound umbels and produce 
subglobose fruits Ferula angustifoha and the different species of Stum and 
Oenanthe are less poisonous ; they are all marsh or aquatic plants. The last-named 
genus is easily distinguishable by the absence of a carpophore. Stum lattfoltum 
(Fig 524), which is frequently found in company with the Water-Hemlock, has 
simply pinnate leaves with lanceolate, sharply serrate leaflets. The Fool’s Parsley, 
Aethusa Qynapium (Fig. 525), a common weed m gardens, produces an intoxicat- 
ing effect when eaten. It differs from the true parsley m having white instead 
of yellow flowers, one-sided, three -leaved (instead of six- to eight-leaved) 
involucels, and an odour of garlic. 

Officinal — Archangelica officinalis yields Radix Angelicae , Levisttcum 
officinale, Rad. Levistici , Ptmpmella magna and P. Saxifraga , Rad. Pimpi- 
nellae , Ptmpmella Amsum (Anise), Fructus Anisi ; Foeniculum captllaceum, 
Fructus Foeniculi ; Carum Carm (Caraway), Fructus Carvi ; Conandrum 
sativum, Fructus Coriandri ; Conium maculatum, Hfr-ra Conii ; Dorema 
Ammomacum (Persia), Ammoniacum ; Ferula galbamfiua and rulncaults (Persia), 
Galbanum ; Ferula Narthex (Persia), Asafoetida. 


Order 18. Saxifraglnae 

Flowers hypogynous, perigynous or epigynous, actinomorphic, in 
perianth and andrcecium pentamerous ; stamens usually obdiplo- 
STEMONOUS ; gynoecium two- to five-merous, syncarpous or apocarpous 
seeds generally albuminous. 

This order is somewhat artificial, and difficult to characterise, as it 
consists of members which exhibit a great diversity in the structure of 
their flowers. It cannot be sharply separated from the Rosifiwae ; and 
as it stands also in close affinity with the Cystiflorae, Myrtiflorae, and 
JSrieinae, it may be regarded as constituting an intermediate group 
uniting all these different alliances. 

Family Crassulaeeae. —Flowers hypogynous or epigynous, herma- 
phrodite, with a variable number of members in the different whorls ; 
perianth differentiated into calyx and corolla; andrcecium obdiplo- 
stemonous or haplostemonous ; carpels free or slightly united, with 
glandular scales (disc), one at the base of each carpel ; capsules 
containing numerous small seeds with little or no endosperm 
Succulent herbs and undershrubs (Fig 526). 
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The members of this family are easily recognisable by their fleshy, entue leaves. 
Their flowers are usually bright yellow or red m colour, and are arranged in cymose 
inflorescences 

Geographical Distribution — The Qrassulaceae , like all succulents, thrive best 
in dry sunny situations They are almost universally found on rocks, walls, and 
i oofs. The genus Sedum has usually pentamerous flowers : Sedum acre, the Mossy 


i 

Fig 526 , — Seduvi Tdephum a, Flower, h, flower m longitudinal section (X4) 

Stonecrop, grows on walls and rocks, as does also S. Telephium, the Garden Orpine 
or Live-for-ever (Fig. 526). The flowers of the genus Sempermvum are 6-oo merous. 
S. tectorum , the Houseleek, and other species, as also species of Crassnla (haplo- 
stemonous), Sedum, JSchevena, etc , are frequently cultivated 

Family Saxifragaeeae. — Flowers perigynous or epigynous, herma- 
phrodite, with calyx and corolla; stamens obdiplostemonous or haplo- 
stemonous ; carpels, usually 
two, without scales, and 
united, either wholly or only 
at the base. Fruit usually a 
capsule, containing numerous 
small seeds with abundant 
endosperm (Fig. 527). 

The Saxifragaceac comprise a 
number of herbs and woody plants 
very unlike in appearance. The 
flowersware small, or ab most only 
medium-sized and aggiegated into 
inflorescences 

Geographical Distribution 
— In Northern Europe the genus 
Saxifraga is widely represented 

by ^ ml ^° US Sp60ieS ° n . the ™ CkS Fio 52 l-IUbcsGrossulana. 1, Flowering branch, 2, 
and boulders of mountains. Most flower cut through longitudinally ; 3, fruit m trans- 

of the members of this family are verse section , 4, longitudinal section of seed. (After 

found m the Temperate Zone, Wossidlo ) 

although a relatively large number 

occur also in the Arctic regions ; Saxifmga granulata, S. tridactyhtes, and JPar- 
nassia palustns are representatives of the family in the plains. Several species 
of the genus Ihbes are cultivated for the sake of their fruit (e.g. It. rub mm, the 
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Bed Currant , 11 . nigrum, the Black Currant , 21 . Oo ossularia, the Goosebeny) , 
-while other species of the same genus and othei genera are frequently used as 
ornamental plants {Saxif raga, Hydrangea, Phtlcidelphus, Dcutzia). 

Officinal — Syrttpus Eibium from Eibes rubrmn 

The Hamamehdaceae, a sub-tropical family of woody plants with apetalous 
flowers, are very closely allied to the Saxifragaceae — Officinal : Styray 
liqt'IDTJS, obtained from the balsam-canals m the cortex of Liquidarnbar styraciflua. 

F am ily Platanaceae. — Flowers moncecious, with rudimentary perianth , 
the male with reduced andrcecium ; the female perigynous, with free caipels 
Seeds without endosperm. This family includes only the single genus Platanus, 
with but four species, all of which are trees with scaly bark, palmately lobed 
leaves, and sheathing connate stipules The flowers, which are small and in- 
significant, are clustered into spherical heads with long stalks ; the fruit is a nut. 
Platanus onentahs, from Western Asia, and P oecidentahs, the American Plane- 
tree, are frequently grown as shade-trees 


Order 19. Rosiflorae 

Including the single family Rosaeeae — Flowers perigynous or epi- 
gynous, almost always actinomorphic ; perianth generally pentamerous , 
stamens usually MORE NUMEROUS than the perianth leaves ; gynoecium 
in perigynous flowers entirely APOCARPOUS, in epigynous flowers with 
at least the upper part of the carpels free , seeds without endosperm. 
Leaves alternate, stipulate (Figs. 528-532) 



J 2 

Fio 52S —Hagema abyssimea 1, Flower, e, epicalyx , /.calyx, g, coiolla (x 4). 2, Inut 
(nat. size), witli enlarged epicalyx —Officixal (Attei Berg and Schmim ) 

The flowers of the Rosaceae may in all cases be derived without 
difficulty from the typical Dicotyledonous type, although it is shown 
in an. unmodified form in only a few genera, e.g in QuiUcija, whose 
flowers are constructed of five pentamerous whorls. The flowers of 
most of the species are characterised by the possession of an indefinite 
number of stamens, as a result of the splitting of the whorls and of 
the individual members of the andrcecium. A similar multiplication 
of the parts is also of frequent occurrence in the gynoecium A rose 
with its numerous stamens and apocarpous gynoecium consisting of 
numerous carpels may serve as the type of the flowers of the Rosacecte. 
Similar polyandrous, apocarpous flowers are characteristic of the 
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Rammmlaceae, but, as they are hypogynous and have the parts 
arranged spirally, they differ greatly from those of the Rosaceae. On 
the other hand, although less frequently, the flowers of this family may 
suffer a reduction of their parts. Thus in the flowers of the genus 
Alchemilla the inner whorl of the perianth is wanting ; the androecium 
is also not unfrequently reduced to a single whorl, in Alchemilla arvensis 
even to a single stamen, while in the Prunoideae the gyncecium con- 
sists similarly of but a single carpel. Such reduced and modified 
flowers are linked to those with the typical or greater number of 
parts by all possible transitional forms. The greater or less 
degree of expansion exhibited by the floral axis, to which in particular 
the perigynous and epigynous character of the flowers of the Rosaceae 
is due, has been in large measure the cause of the variability displayed 
by Rosaceous flowers (Fig. 529). In the simplest cases the receptacle 
is flat or cushion-shaped, as in many species of Potentilla, and bears the 



Fig 529 —Rosaceae Three ftoweis cut through longitudinally to show different forms of 
leceptacles 1, Comarum pcdustte , 2, Alchemilla alpmct , 3, Pints mains (After Focke in 
JSfatui l Pflanzc nfarnilic n ) 


perianth-leaves and stamens on its margin, while the carpels are in- 
serted on its surface. In other cases, as m the Strawberry and Rasp- 
berry, the central portion of the receptacle is prolonged into a club- 
shaped protuberance to which the carpels are attached (Fig. 529, 1). 
In other cases, again, the receptacle is extremely concave, cupular in 
Prunes and Alchemilla (Fig. 529, 2), urn-shaped in the genus Rosa. 
The epigynous flowers, such as those of the Apple (Fig. 529, 3), differ 
from the perigynous flowers with concave receptacles, in that the 
carpels are adnate to the wall of the receptacle. 

The fruit is sometimes dry, sometimes fleshy. If, in conformity 
with the more usual custom, only the product developed from the 
carpels after fertilisation is termed a fruit, a Strawberry must be 
regarded as a collection of numerous nutlets or achenes, and an Apple 
as a spurious fruit. According to the definition of a fruit which has 
been adopted m this book, in which the conception of the term fruit is 
made to correspond with that of the flower, the receptacle, as being part 
of the flower, may also take part in the formation of the fruit. The 
Strawberry may thus be regarded as a juicy fruit with dry, superficial 
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carpels , while the Apple may be described as a berry. In other cases 
the fruit is capsular as in Sjpiva&ct, nut-like as in Potenutn, or drupa- 
ceous, e.g. the Cherry, Raspberry, and Medlar. 

The Eosaceae are herbs or more frequently woody plants, usually 
with conspicuous flowers Their leaves are very often pinnate, with 
toothed leaflets ; when simple they are, as a rule, serrate or lobed, 
rarely entire. The stipules, which are scarcely ever absent, are some- 
times herbaceous, sometimes scale-like. 



Fig 530 — Virus cmamums. 1, Flowering branch , 2, a flowei cut through longitudinally , 

3, longitudinal section of fruit , 4, floral diagram (After Wossidlo ) 

Sub-Families — 1. Poviozdcae (Fig. 530) — Floweis epigynous , fruit berry 
(«) Carpels m the fruit parchment-like Pirus (mol. Sorbus ) with two ovules, 
Oydoma with numerous ovules in each carpel, (b) Carpels in the fruit hard and 
stone-like : Mespilus, Crataegus 

2. Eosoideac — Flowei s pengynous , carpels enclosed m the fruit by the recep- 
tacle. (a) Receptacle becoming hard m the fruit , flowers tetramerous, small, 
destitute of corolla : Potenwn, polygamous with anemophilous flowers m capitate 
inflorescences ; Sanguisorba, resembling Potermi/i, but the flowers are entomo- 
philous, and hermaphrodite , Alchemilla, flowers with epiealyx. (&) Receptacle as 
in (a), flowers pentamerous, with corolla Agrimoma, Hagema. (e) Receptacle 
fleshy, flowers with corolla : Eosa. 

3. Euboideae (Fig. 531) —Flowers pengynous , receptacle flat or convex, with 
numerous indehiscent carpels PotenUlla, with dry Iruit , Fragaria, fruit when 
ripe consisting of a fleshy receptacle with dry carpels ; Eubus, carpels drupaceous. 
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4 Spiraemdeac — Flowers pengynous , receptacle concave , caipels few, when 
ripe capsular and many-seeded . Spiraea, Quillaja. 

5 Prunoideac (Fig 532) — Flowers pengynous, with one carpel , fruit a drupe . 
Primus . 

6. Ohrys6balano%deae — Flowers frequently zygomorphic. 

Geographical Distribution — The llosaceae , although distributed over the 
w hole globe, aie chiefly represented m the Temperate Zone , m the Tropics, with the 
exception of the Chiysobalanoidcae , they are confined almost entirely to the high 
mountainous regions t The Rosaceae have contributed largely to the list of culti- 



— Iltihitsjf utiensi!'* 


1, Flovming branch ; 2, longitudinal section of a flower , 3, fruit , 
4, floral diagiam (After Wossiulo ) 


\ atecl plants . tlie Pear, Pu-us communis ; the Apple, Pirus Malus , the Quince, 
Oydonia vidgm is , the Medlar, Mcspilus germamca ; the Stoivherry, species ol 
Ftamna; the Raspbeiry, Blackberry, etc, species of Ruius; the Wild Chei ry, 
Primus avium, the Dwarf or Moiello Cherry, Pr. Census; the Wild Plum, Pi 
domcstica ; the Bullace Plum, Pr msititia; the Apricot, Pr. armemaca, the 
Peach, Pi pcrsica , the Almond, Pr. Amygdalus The Rosaccae include also 
many ornamental plants, eg various species of Rosa, Crataegus, Potentilla, 

Rich us. Spiraea , JCcrrut , Prunus, etc 11 

Poisonous.— The seeds of many species contain prussic acid, although usu y 
not in dangerous quantities, if eaten when first ripe The leaves of the Cherry- 
Laurel (Piunus Lauroccrasus) also contain piussic acid, and when eaten they act 
as an intoxicant 
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Officinal. — Oydonia vulgaris affords Semen Cydoniae Sagenia dbyssimca 
(a dioecious tree native of Abyssinia, with greenish female flowers whose epicalyx 
and calyx turn red after fertilisation) yields Flores Koso (Fig 528). Kosae Cen- 



Pig 0 S 2 .~Piunus Cerasus 1, Flowering bi anch , 2, a flower cut through longitudinally , 

3, fruit m longitudinal section (After Wossidlo ) 

tifoliae Petala from Rosa cenUfolia ; Oleum Bosae fiom Rosa cenhfolta and 
damascenes , Syrupus Rubi idaei from Rubus idaeus , Amygdalae dulces and 
Amygdalae amarae from Prunus Amygdalus ; Pulpa pb.unob.um from Pr. domes- 
tica ; Folia Laurocerasi from Pr. Laui ocerctsus Quillaja Saponaiia (an evei- 
green dioecious tree indigenous to Chili and Peru) yields Cortex Quillajae 


Order* 20. Leguminosae 

Flowers hypogynous or slightly perigynous, actmom orphic, or 
more frequently zygomorphic ; perianth usually pentamerous , median 
sepal anterior ; androecium diplostemonous, rarely consisting of an 
indefinite or reduced number of stamens ; gynoecium of one carpel, 
generally with many ovules attached, in two rows, to the 
ventral SUTURE, fruit usually a LEGUME. Seeds mostly without 
albumen. Leaves generally compound, stipulate. 

The Leguminosae , with actmomorphic flowers, resemble the monocaipellary 
Rosaceae, but they may be distinguished from them by their unexpanded or only 
slightly enlarged receptacles, and by their fruit. 

The structure of the flower is also as varied in the Leguminosae as 
in the Rosiflorae. The Mvmosaeeae have actmomorphic flowers ; those 
of the Caesaljpiniaceae are sometimes only slightly irregular, sometimes 
more distinctly zygomorphic, leading by gradual transition to the 
highly zygomorphic flowers of the Rapilionaceae. These differences m 
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the structure of the flowers are chiefly due to the various forms as- 
sumed by the corolla, in part also to the unequal development of the 
andrcecium. The stamens are sometimes straight, sometimes curved, 
united or free, usually ten in number, but at times reduced by 
suppression or increased by division On the other hand, the 
gynoecium and flower-axis, to the variability of which the diversity 
of form exhibited by the flowers of the Rosiflwae is so largely due, 



Fig 533 — Acacia Senegal. Flowering branch (nut Fig 534 — Cassia acutifoha Leaf and mfloi - 

sue) — Officixal (Attei A Moyer and escence — Officinal. (After Berg and 
at'HtfjviANN ) Schmidt ) 


are very uniformly developed m the Legummosae, and take but small 
part in the various modifications met with in the structure of the 
flowers. 

Unlike the flowers, the fruit of the Leguminosae almost always pre- 
sents the same structure. In the majority of cases it is a many- 
seeded legume, rarely a dry indehiscent fruit, or it may be a berry or 
drupe Even when thus modified, all the forms of the fruit bear a 
certain degree of resemblance to each other 

The inflorescences are most generally racemose ; racemes, spikes or 
capitula, with in all cases lateral flowers The leaves are scattered, 
usually pinnate or bipinnate, with leaflets either entire or slightly 
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toothed, never deeply lobed or incised. Simple leaves are of rare 
occurrence in this order, and are usually small 


Just as in most of the more natural ordeis, the attempt to divide the Legu- 
imnosae into families is attended with difficulty, as the extieme forms are linked 



togethex by all possible intermediate stages The 
whole order is in consequence sometimes regarded 
as a single family, in which the main groups 
take the position of sub-families In their typical 
lepresentatives, however, these groups are so cliai- 
actenstically developed that it seems best to con- 
sider them as distinct families. 

Family Mimosaeeae. — Flowers actino- 
morphic , corolla absent, or if present, with 
petals valyate in the bud, androecium 
haplostemonous, diplostemonous, or poly- 
STEMONOUS, USUALLY WITH FREE STAMENS , 
embryo straight (Fig. 533). 

This family consists for the most pait of slntibs, 
lianes or small trees, with doubly pinnate leaves, 
or, as in many Australian species, with phyllodia 
(cf. p. 46). The flowers aie small, m dense 
heads or spikes, whose blight, usually yellow', 
colour is due to the long stamens which project 
beyond the inconspicuous perianth The moie 
important genera are Acacia and Mimosa Both 
genera are laigely represented in the Tiopics. 
Mimosa pudica, the Sensitive Plant, belongs to this 
family , it is sometimes cultivated in hot-houses, 
but m its native land it is a troublesome and woith- 
less weed In Austialia the Mimosaeeae occupy an 
important position, and together w'lth Eucalyptus 
trees they form the chief part of all the woody 
vegetation, while in the diy regions of South Afuca, 
in the form of thorny shrubs (e g Acacia hortida), 
they often constitute the only woody plants 

Officinal. — Acacia Senegal, a shrub native of 


Fig 5S5 —Taviai nidus zndiea the Nile countries and Senegal, yields Gummi 


Fruit in longitudinal section 
AT, The fleshy mesocarp — Ofjfi- 
cix.il (After Berg and 
Schmidt ) 


arabicum The gum, which is formed by the dis- 
organisation of the stem-parenchyma, exudes as a 
thick fluid from wounds in the stems, and after- 
wards hardens. Catechu is an extract made fiom 


the heai t- wood of Acacia Catechu and A. Suma (East Indian trees) 


Family Caesalpiniaeeae. — Flowers more or less zygomorphic , 
corolla sometimes absent, when present, not at all or only imper- 
fectly PAPILIONACEOUS, With ASCENDING IMBRICATE ^ESTIVATION 
(i e. the posterior petal overlapped by tbe others) ; androecium with 
FREE STAMENS, often reduced. Embryo STRAIGHT (Figs. 534, 535). 
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The C aesa Ip miaceae are shrubs or trees, and, unlike the JPcqnhonacecie, often have 
bipinnate leaves The flowers may be laige or small. Their corolla is variously 
constructed, sometimes actinomorphic ( e g , Cassia , the zygomorphic character of 
whose flowers is due to the androecium), sometimes strongly zygomorphic ( Tam - 
armdus), but very raiely somewhat papilionaceous ( Cercis Siliquastrum) The 
members of this family, whose largest genus is Cassia , are almost exclusively 
tropical. The colouied heart-wood of many species gives them a great technical 
value (Logwood fiom Hacmatoxylon campechianmn , Pernambuco or Brazil Wood 
from Cctesalpima brasiliensis ). The Judas-tiee ( Cercis Siliquasti urn) from Southern 
Europe (with flowers springing dnectly from the stem), and the Honey Locust 
( Grlccfotschia tnacantkos) from North America, are often cultivated m parks and 
gardens. 

Officinal. — Folia Sennae, the leaflets of Cassia acutifolia (F. S. Alex- 
vndrin ve, from tiopical East and Central Africa) and of Cassia angustifoha (from 



Fig j3i> — Lttiitb ( onuuilatu <r 1, Fkmenng blanch, k J, a flower, 3, andicecmm and gyncecium ; 
4, carpel , 5, iiuit, 0, coiolla , a, standard , b, wings, (, Leel , 7, floial diagram (Aftei 
Wossidlo ) 

tropical East Africa and Aiabia , Tinnevelly Senna, from plants of the same 
species cultivated m Southern India) The officinal species of Cassia axe slnubs 
with yellow-flowered lacemes (Fig 534) The halsam- canals m the wood of 
Gopmfcra guiancwsis and C. officinalis (trees of tropical America) contain Balsa- 
mum copaivae Rliatany Root, Run Ratanhiae, is obtained from Kramciia 
trumdra , a Peruvian shrub. Lignum Haematoxyli is the heart- wood of Haema- 
foxylon campeehianum (South America) Pulp A Tamakindobum is the preserved 
fleshy mesocarp of the fiuit of the Tamarind-tree, Tamarmdus mdica (Fig 535) 

Family Papilionaeeae.— Flowers strongly zygomorphic, papil- 
ionaceous ; corolla with descending imbricate estivation (i.e 
the posterior petal enclosing the others in the bud) , androecium 
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always diplostemonous, monadelphous or more frequently diadelphous, 

the posterior stamen being 


free ; the embryo curved 
(Figs. 536-539). 

The Pcvpihonaceae com- 
prise both herbs and woody 
plants ; many are stem- or 
tendril-climbers. The leaves 
are generally oddly pinnate. 
The flowers are usually dis- 
posed in racemes, more 
rarely in heads; except in 
some few genera which 


i 



fio 537 — Fish ta sativum s, stem, b, leaflets of the approach more nearly the 
pinnate leaf ; i , tendril , a, a\is of floral shoot , n, CcieSCtlpmictCeae (0 g. Toluifet’O), 

stipules. they are characterised by 

papilionaceous corollas (Fig. 536). The posterior petal is much enlarged 
and is termed the standard 


(vexillum), the two lateral 
petals represent the WINGS 
while the two an- 
terior are usually united 
by their lower margins, and 
together form the keel 
(carina). In the bud the 
wings are enclosed by the 
standard, the keel by the 
wings (descending, imbri- 
cate aestivation) , in the 
Caesalpimaceae the aestiva- 
tion is in exactly the re- 
verse order (ascending). 
The stamens in most cases 
curve upwards. The cohe- 
sion of the filaments 
does not generally extend 
throughout their whole 
length, so that their upper 
ends are usually free. 
Stamens wholly free are 
found only in a few excep- 
tional genera, such as 



Toluife? d. The * legumes Fig oss — Coronilla vana (nat size) — Poisoxo cs 
commonly have a parch- 


ment-like wall; dry indehiscent fruits rarely occur in this f amity ; 
succulent fruits never. 
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Sub-Families. — 1 Gcmstoideae — Leaves entire, simple or pinnate, stamens 
usually united Lup%nus (Lupine), CyUsus (Laburnum), etc 

2 T) t ifolio%dmc — Leaves usually pinnate with toothed leaflets, fruit mde- 
hiscent Tr%fohum (Glover, Trefoil), with persistent perianth ; Medicago (Medick), 
with deciduous corolla and sickle-shaped or spirally-twisted legumes , Tmgonella 
(Trigonel) , Mehlotus (Melilot, Sweet Clover), with flowers in loose racemes and 



Pig 539 — Ci/hsus Lctbin man Flowering branch and young legumes (§ nat size) —Poisonous. 

small, elongated or globular legumes , Onoms (Rest-Harrow), with monadelphous 
stamens. 

3 Lotoideae — Stamens diadelphous Anthylhs (Kidney- Vetch) ; Lotus (Bird’s- 
foot Trefoil), etc 

4. Qalegoideae . — Leaves imparipinnate. Astragalus (Milk- Vetch), with legumes 
imperfectly separated by a false dissepiment ; JRoHma (Locust-tree), etc. 

5 Hedysaroidcae — Stamens diadelphous ; fruit a jointed legume or loment 
Coromlla,, Hedysarum, Dcsmodiicm (Tick-Tiefoil) , Onobryehis (Sainfoin) ; AracMs 
(A. hypogaea , the Pea-nut), etc. 

6. Vicioideae — Leaves paripmnate, often terminating m tendrils (Fig 537). 
V%c%a (Vetch), leaves with many leaflets ; Lathyrus (Vetchlmg), usually with only 
two leaflets , T?%sum (Pea), etc 
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7. Phaseoloideae —Climbing plants ; leaves usually imparipinnate, frequently 
ternate. Physosltgma {Officinal) ; Phaseolus. 

Geographical Distribution. — The large family of the Papihonaceae is not 
exclusively confined to any zone. The steppes of Western Asia are especially rich 
m Papilionaceous plants, represented in particular by shrubby species of Astragalus, 
from which gum-tragacanth is obtained. The leaflets of the pinnate leaves of the 
Tragacanth shrubs eventually fall off from the mam stalks, which remain attached 
to the stems, and resemble long thorns. The gum is produced by the disorganisa- 
tion of the stem-parenchyma, and exudes as a viscous fluid when incisions are 
made in the stems. The most important cultivated plants are — Pisum sativum., 
the Pea , Phaseolus vulgai is, the common Kidney or French Bean ; Vida Fata, the 
Broad Bean ; Ermmn Lens, the Lentil , Dohchos Soya, the Soja (Soy) Bean of 
Japan and China , Indigofera species, Indigo (Tropics). 

Poisonous — The seeds of the Laburnum, Cytisus Laburnum (Fig. 539), a 
small tree indigenous to the Alps, sometimes cultivated m gardens. It is character- 
ised by its ternate leaves, and by its racemes of large, yellow flowers and many- 
seeded legumes The other species of the same genus, O alpmus, O. purpureus, 
O Weldvnn, G. biflorus, have also toxic properties. Coronilla varia (Fig. 538), an 
herbaceous plant with umbels of rose-coloured flowers, is also considered poisonous, 
and the familiar ornamental climber, Wistaria sinensis. 

Officinal. — Astragalus species, from which Tragacantha is obtained. The 
stolons of Glycyrrhiza glabra, an herbaceous perennial of Southern Europe, con- 
stitute Licorice Root, Rad. Liquiritiae ; fiom the roots of the variety glanclu- 
lifera (Russia) Rad. Liquir mukdata is procured. From Melilotus altissi/nus 
and M. officinalis is obtained Herba Meliloti , from Ononis spmosa. Rad 
Ononidis From the seeds (Calabar beans) of Physostigma venenosum, a 
climbing plant of Western Afiica, is derived the alkaloid Physostigminum. 
The stems of Andira Araidba, a tree native of Arazil, contain Chrysarobinum 
m the form of a powdery excretion. The heart- wood of Pterocarpus santahnus, an 
East Indian tree, yields Red Sandalwood, Lignum Santali rubrum (Pterooarpi 
Lignum) Toluifera Balsamum, a tree growing m South America, has cortical 
balsam-canals which yield the Balsam of Tolu, Balsamum tolutanum , Balsamum 
peruvianum, the Balsam of Peru, is supplied by Toluifera Percirae (San Salvador) 


Order 21. Myrtiflorae 

Flowers perigynous or epigynotjs, usually actinomorphic , 
perianth mostly tetramerotjs , androecium variable ; gynoecium 
entirely syncarpous ; ovary septated ; seeds devoid of albumen 
Leaves generally OPPOSITE and exstipulate 

The flowers of the Myrtiflorae are very similar to those of the 
Bosiflorae. Both orders are characterised by the variability displayed 
m the structure of their flowers. In both orders the flowers are 
actinomorphic, perigynous or epigynous, and have a tendency to 
increase the number of their parts by splitting, particularly in the 
androecium, which in consequence becomes polyandrous in the majority 
of the Myrtiflwae, just as in Bosiflome. The main difference in the 
structure of the flowers of the two orders is exhibited in the gynoecium, 
which m the Bosiflorae consists, at least in the stigmatic region, of 
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free carpels, while in the Myrtiflorae , with the exception of the 
group Halaragidaceae, the union of the carpels is complete, extending 
also to the stigmas. 

The vegetative organs of this order in no wise resemble those of 
the Rosifloi ae. The Myrtifloi ae, on the contrary, have usually opposite, 
entire leaves, never compound \ the leaves also are either exstipulate, 
or the stipules are small and fugacious. In 
this order, unlike the Jiosiflome, many of the 
plants possess internal glands, which secrete 
ethereal oils. 

Family Onagraeeae. — Flowers epigwn- 
ous, actinomorphic, tetramerous through- 
out ; stamens diplostemonous (Figs. 540, 

541) 

The Onagraeeae include only herbs and shrubs. Flc, ‘ Floral diagram of 
Their flowers are usually large and conspicuous, hav- 
ing often an elongated, tubular receptacle. Their fruit is many-seeded, and may 
be eithei dry or juicy. 

Representative Genera. — Epilobium (Willow-herb) has a capsular fruit with 
hairy seeds , Circaea (Enchanter’s Nightshade), with two-ranked leaves, fruit a 



nut , Trapa (Horn-nut) ; Oenothera (Evening Primrose) ; Fuchsia (Fig 541), with 
corollaeeous calyx and tubular leceptacle, cultivated These aie chiefly repiesented 



Fin 541 — Ji'iirkhiu tjlobmu Flowers (nat size) 


m Northern Europe by the red- 
flowered species of Epilobium, which 
.grow m damp places and on nver- 
banks ; and by two large yellow- 
flowered species of Oenothera from 
North America 

Geographical Distribution. 
— The Onagraeeae are native chiefly 
of the tempeiate zones of North 
and South America. 

Family Haloragidaceae. — 
Flowers very small and reduced, with 
FREE STIGMAS , seeds With ENDO- 
SPERM e.g Myt lophyllum (Water 
Milfoil) and Hippuns (Mare’s-tail), 
aquatic plants growing partially or 
wholly submerged 

Family Lythraceae — 
Flowers perigynous, regular 
or zygomorphic, in perianth 
and androecium hexamerous, 


diplostemonous , gynoecium of two to six carpels. 


This family occurs for the most part m tropical America, and contains chiefly 
herbs, rarely shrubs or trees. The flowers are usually small, either apetalous or 
provided "with a red or violet corolla ; they produce a dry indehiscent fruit. The 
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Spiked Loosestrife, Lythruvn Scthcarta, a plant growing, like most of the family, 
m wet meadows and swamps, is an interesting representative of this family on 
account of its heterostyled (tnmorphic) flowers 

Family Punicaceae. — Comprising only the genus Pumca, with two species. 
Pumca O-i anatum, the Pomegranate, is a small tree with scattered, entire leaves , 
it grows wild m the East, hut is frequently cultivated m Southern Europe. The 
flowers are epigynous ; they have fleshy, red receptacles, five to eight, also red 
and fleshy sepals, and an equal number of bright red petals, which are crumpled m 
the bud ; numerous stamens ; numerous united carpels disposed in two whorls 
The fruit is a berry , it retains the persistent calyx, and is filled with numerous 
seeds, whose succulent testa represents the edible portion of the fruit 

Officinal — Pumca Granatiogn, from which is obtained Cortex Granati. 
Family Melastomataceae. — Flowers like those of the Onagraceae, or pengynous , 
anthers usually with appendages and opening by pores , leaves with curved, 
longitudinal nerves. A very large family of tropical plants, particularly abundant 
m South America, where they are represented by a number of beautiful flowering 
shrubs 


Family Myrtaeeae. — Flowers epigynous, actinomorphic, with four- 
to five-merous perianth and usually numerous stamens. Evergreen 
woody plants containing ethereal oils (Fig. 542) 

The plants comprised 



Fig 542 — Eugenia caryophyllcita 1, Flowering branch , 2, 
flower cut through longitudinally , 3, fruit —Officinal 
(After Wossidlo ) 


in this family are shrubs 
or trees, which are pro- 
< vided in all their organs 
with roundish glands 
containing ethereal oils, 
which give them an aro- 
matic odour. The pos- 
session of ethereal oils 
is the most distinctive 
characteristic of the 
family. The leaves are 
opposite, entire, and of 
an elliptical shape. The 
flowers, which r, always 
have both a calyx and 
corolla, are solitary or 
clustered, and often very 
conspicuous. The corolla 


is usually white; it is 
sometimes reduced, and its function as an organ of attraction is assumed 
by the androecium, which acquires for this purpose a bright, usually 
red colour. Some species have haplostemonous or obdiplostemonous 
andrcecia ; from such species, as is apparent from the transitional forms, 
those with polyandrous andrcecia have been developed by the division 
of the stamen-rudiments. The fruit is succulent or capsular, rarely 
nut-like. 
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The Myrtaceae are confined to w aimer countries. Europe possesses the single 
species Myrtus commums , the Myrtle. This family is especially characteristic of the 
Flora of Australia, m which it foims the most striking feature as regards the number 
of species and individuals, including, m particular, the Eucalyptus tree, which 
often attains a greatei size than even the giant Conifers of California Of late years 
Eucalyptus tiees have been largely planted m all warm, malarial countries. On 
account of their wonderful rapidity of growth, they absorb large quantities of 
water, and thus both dram the soil and purify the air. In the Tropics also, as 
forest trees, the Myi taccac occupy an important position Many produce delicious 
fruit, c g Guava, Ps'id-ium Guava From other species spices are obtained. Cloves 
are the flower-buds of Eugenia caryophyllata, a small tree indigenous to the 
Moluccas, but cultivated m most tropical countries (Fig 542) , the stalk of the 
clove corresponds to the receptacle of the flower The fiuit of another tree of the 
same genus, E. Pvmcnta, is known as allspice 

Officinal.— CARYOrHYLLi (Cloves), from Eugenia cat yophyllata. 


Hysterophyta 

This group, which is merely provisionally established, includes 



Fio 543 — Asarum mnopaeinn 1, Flowering shoot, 2, flower cut through longitudinally , 3, floral 

diagram. (Aftei Wossidlo ) 

chiefly plants that are parasitic, and which are on that account 

2 u 
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regarded as of recent origin. Flowers epigynous, with simple or 
double perigone. 

Family Aristoloehiaeeae. — Flowers actmomorphic or more fre- 
quently zygomorphic , with simple corollaceous perigone consisting of 
three coherent members \ andrcecium usually of six or twelve stamens, 
which are either free or united to the style (gynostemium) ; ovary four- 
to six-locular ; fruit a capsule. Herbs and lianes not parasitic. 


This family comprises chiefly tropical plants with cordate or remform leaves, 
represented in Europe and North America by the genera Asarum (Asarabacca, 


"Wild Ginger) and Anstolochia (Birthwort). 



The European species of Asarum, 
A. europaea (Fig 548), is a small 
herb with brown flowers, having 
actinomorphio perigone and 


an 


free stamens. An example of the 
genus Anstolochia is afforded by 
A. Clemafotis, a large perennial 
whose flowers have a zygomorphie 
perigone and a gynostemium. 
Anstolochia sipho, the Pipe- Vine 
of North America, is a frequently 
cultivated climber. 

The two families, Rafflesiaceae 
and Balanophoraceae, are leafless, 
often Fungus-like, root parasites 
entirely devoid of chlorophyll. 
The first -named family has soli- 
tary flowers, often of an enormous 
size The flowers of Bafflesia 
Arnoldi (Sumatra) are the largest 
of all flowers, attaining a diameter 
of 1 metre The flowers of the 
Balanophoraceae, on the other 
hand, are small and aggregated into dense heads or spikes. Both families are 
almost exclusively confined to the Tropics. 

Family Santal&ceae. — Flowers actinomorphio ; with a small greenish simple, 
trimerous or pentamerous perigone ; andrcecium of a like number of seamens ; 
ovary unilocular, with three ovules attached to a free central placenta. 
Seeds without seed-coats. Terrestrial parasites with leaves. 

The plants included m this family are chiefly tropical, represented by herbs 
and shrubs with inconspicuous flowers. Provided with leaves and growing on the 
ground, they absorb a large part of their food; their roots, however, develop 
haustona, which penetrate the roots of other plants, e g. Thesmm Ivnophyllum, the 
Bastard Toad-flax. 

Officinal — Santalum album, a parasitic tree growing in East India, yields 
the valuable scented Sandal-wood, from which oil of sandal- wood, Oleum Santali, 
is obtained by distillation. 


Fig 544. — Vi vsum album. 1 , Part of shoot with female 
flowers and fruit, 2, group of flowers, 3, a male 
flower ; 4, female flower cut through longitudinally , 
5, longitudinal section of frmt.~Foiso.voas (After 

WOSSIDLO ) 


Family Loranthaeeae. — Flowers actinomorphio, with double, 
corollaceous or calycoid, two- to three -merous perigone ; andrcecium 
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diplostemonous ; ovary usually without distinctly differentiated 
ovules or placenta. Leafy shrubs parasitic on trees (Fig. 544). 

The plants of this family are mostly tropical. JLoranthus europaeus occurs 
upon Oaks m Eastern Europe Viscuvn album, the European Mistletoe, is a small 
evergieen, dichotomously branching shrub, parasitic upon various species of trees. 
It absorbs its nourishment by means of haustona consisting of root-like stiands 
concealed between the cortex and wood of the host-branch The white berries 
produced by the female plants are eaten by birds, which in freeing their bills of the 
sticky endocarp, by wiping them on the bark of trees, are at the same time instru- 
mental m distributing the seeds. 

Poisonous. — The berries of Viscum album jtvhen eaten by children have been 
known to produce symptoms of poisoning. 


B. Sympetalae 

Perianth consisting of a calyx and an almost always sympetalous 

COROLLA. 

The flowers are always cyclic, and in the majority of cases con- 
structed, actually or theoretically, according to the formula K5, 
C(5), A5, G(2). The stamens are generally inserted on the 
corolla. The fact that the gynoecium consists typically of only two 
carpels, must be regarded as the result of reduction, as flowers with 
five carpels sometimes occur To the Sympetalae belong the following 
orders Ericinae, Diospyrinae, JPrimulinae, Contortae, Tubiflorae, Person- 
atae, Labiatiflorae, Pubunae, Campanulinae, Aggregatae. 


Order 1. Ericinae 

Flowers usually hypogynous, actmomorphic ; formula, Kn, On, 
A2n, G(n), in which n is usually 5 , corolla sometimes chonpetalous ; 
androecium obdiplostemonous, not adnate to THE COROLLA ; pollen 
usually in tetrads ; ovary multilocular. Leaves needle-shaped or 
lanceolate. 

Of all the Sympetalae the Ericinae approach most closely the 
Choripetalae , not unfrequently having free petals, while the stamens are 
inserted directly on the receptacle. They form a very natural group, 
whose close affinity is exhibited, not only in the structure of the 
flowers, but also in the vegetative organs. The axes are nearly 
always woody, usually comparatively short, and branching profusely 
close to the ground. The leaves are generally small and entire, in 
most cases leathery and evergreen. The flowers are always adapted 
to insect-pollination ; they are often quite small, but in that case are 
aggregated in conspicuous racemes, usually of a white or crimson 
colour. The seeds are small. 
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Family Ericaceae. — Flowers hypogynous or epigynous , corolla 
usually sympetalous ; stamens free ; anthers opening by pores or 
short slits, ovary with completely separated loculi, placentae 

not greatly thickened. Seeds with segmented 
embryo (Figs 545-547). 

The anthers of many plants of this family 
have horn-like appendages (Fig. 547) ; the 
whole order is therefore sometimes inappro- 
priately named Bicornes. At their upper 
extremities the thecae are usually free and 
divergent. The pollen-grains adhere in tetrads 
The fruit is a capsule, berry, or drupe, con- 
FlG ° f tainin S ver y small seeds with abundant endo- 

sperm. As regards the vegetative parts, the 
Encciceae are typical of the order. 

Sub- Families — (1) Rhododendroideae Floweis hypogynous , corolla fugacious , 
anthers, without appendages ; septicidal capsules Ledum, Rhododendron, Azalea, 
etc. (2) Aibutoideae Flowers hypo, 
gvnous ; corolla fugacious , anthers 
mostly appendieulate , locucidal capsules 
oi succulent fimts And?omeda, Aieto- 
staphylos, etc (3) Encoidcac Floweis 
hypogynous , corolla peisistent , anthers 
mostly appendieulate, fruit a capsule 
Call una, calyx longer than the corolla , 
capsules septicidal. Enca, calyx shoitei 
than the coiolla ; capsules locucidal 
(4) Vaceimotdeae. Flowers epigynous , 
huit a berry Vaccimum, etc 

Geographical Distribution. — The 
plants included in this family are found 
widely distributed over the whole earth. 

Sjiecies of Ei icoideue know n as Heather, 

Calluna vulgans (Fig 546), and different 
species of Eiwa, covei wide stretches 
of diy ground (heaths) m Central and 
Western Europe with a thick bed of 
vegetation 

The various species oiEo ica,h equently 
cultivated as pot-plants, are mostly from 
Southern Africa, where this genus is 
■very largely represented and exhibits a 
wonderful richness of colour 

Poisonous. — The species of Rhodo- 
dendron and Azalea contain toxic prin- 
ciples in all their oigans. The incautious use of Ledum palustre (Heiba Rosmanm 
silvestris) has often had fatal consequences. It is a small shrub with umbels of 
white flowers and linear leaves covered on the under side with lusty brown hairs 
Officinal — Arctostaphylos Uva ursi, the Bearberry (Fig 547), a small evei- 



Fia 546 — Calluna vulgans l, Eloweung 
branch, 2, flower, 3, flower cut through 
longitudinally , 4, fruit alter dehiscence , 5, 
floial diagram (Aftei Wossidlo ) 
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green sin ub with bright red campanulate flowers and small red drupes, yields 
Folia TJvae TJuri 



Fig 547 — Ah to^tajilnjlns Ura msi 1, Floweimg biancli , 2, flo\\er& in longitudinal section, 3, 
pollen-gtains , 4, flint , 5, fimt in tians\eise section — Or vicinal (After Berg and Schmidt ) 

Family Pyrolaeeae — As in the preceding family, except that the 
placentae are very fleshy and the embryo not segmented Humus- 
plants with or without chlorophyll, eg. Ppola (Winter-green), ever- 
green perennials with racemes of white flowers ; Monoti opa (Indian 
Pipe), devoid of chlorophyll. 


Order 2. Diospynnae 

Flowers actinomorplnc ; Kn, On, A2n, G(n), where n is usually 4 or 5 , 
andrcecmm ai>x vrn to the eo holla, diplostomonous, or, by suppression, haplo- 
stemouous , ovary multiloculah, with only one 01 few ovules m each loculus. 
E\ ergrecn w oody plants 

Family Sapotaceae — Flowers hypogynous. Tropical trees with latex in 
secietory cells 

Officinal — Gutta-peucha, the dried latex of species of Palaqmum (Malay 
Archipelago). 

Fafruly Styracaceae. — Flow’ers pengynous or epigynous. "Without latex. 
Chiefly tiopical. 

Officinal — Benzoinum, a resin proem ed by making deep incisions in the 
bark of tftyrax Benzoin. 


Order 3. Primulinae 

Flowers hypogynous, actmomorphic, K5, C5, A5, G(5) , androe- 
cium adnate to the corolla, EPIPETALOUS ; ovary UNILOCULAR, with 
FREE CENTRAL PLAOENTATION 

The Primulinae exhibit the greatest diversity in their vegetative 
structure. Constant characters appear only in the flowers, which, 
however differently shaped and grouped, always have an epipetalous 
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andrcecium and a unilocular ovary with a central placenta. Of all 
the other Sympetalae, the Utnculmiaceae alone have similar placentae. 

Family Primulaceae. — Calyx herbaceous , style simple ; ovules 
numerous , fruit a capsule (Figs. 548-550). 

The plants of this family are for the most part small herbs. The 
flowers are sometimes small and inconspicuous, sometimes large and 
beautifully coloured ; they are either solitary or grouped in inflores- 
cences. The capsules split at the apex into valves, or the whole top 
falls off like a lid. 


Representative Genera — Pivnvula (Primrose, Cowslip), with rosette of 
radical leaves, and flowers in umbels , corolla With long tube ; capsule opening by 
valves Androsace, like tlie preced- 


ing, except that the corolla has a 
shorter tube. Zysimachia (Loose- 
strife, Moneywort), stems with well- 
developed mternodes and leaves. 
Anagallis (Pimpernel), fruit a pyxi- 
dium, dehiscing transversely by a 
lid (Eig 549) 

Geographical Distribution — 
Most of the members of this family 
are indigenous to the Temperate and 
Arctic Zones of the Northern Hemi- 
sphere. Various species of Primula 
(P acaulis, auricula , sinensis, etc ) 
and Cyclamen, etc , are cultivated 
as ornamental plants. 

Poisonous. — The tubers of Cycla- 
men curopaeum , the Alpine Violet, 
which occurs wild m Bavaria (Fig 
550), are haimless and edible when 
cooked Anagallis anensis (Poor- 
man’s weather-glass) and A. coerulca 
are slightly toxic 

The Myrsinaccac are tropical 
woody plants closely allied to the 
Pnmiffiaccac. Fruit a drupe. Ardisia 
crcnulata is a well-known ornamental 
plant belonging to this family. 

Family Plumbaginaeeae. — 
Flowers with dry and mem- 
branaceous calyx, divided 
style, and ONE ovule. Fruit 
a capsule (Fig. 551). 



Fig 551 — Atmerta vulgctru 1, Flowering plant , 2, 
a flower , 3, calyx with the projecting styles , 4, 
gyncecium with ovary cut through longitu- 
dinally, showing the single ovule , 5, floral 
diagram (After Wossidlo ) 


To this family belong chiefly perennial herbs with rosettes of grass- 


like or lanceolate, entire leaves. The small rose-coloured or violet 


flowers are borne at the extremity of a long naked stem, usually in 
panicles or capitula of scorpioid cymes The calyx, although dry and 
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membranaceous, is brightly coloured except in the genus Plumbago , 
whose flowers have an herbaceous calyx. 

Geographical Distribution — The Plumlaginacecie are for the most pait 
native of the sea-coast ; they occur also m salt-steppes and deserts, e g StaUce 
(Sea-Lavendei), Armena (Thrift). 


Order 4. Contortae 


Flowers hypogynous, actinomorphic, with the formula Kn, Cn, 
An, G-2, in which n = 4 or 5 ; corolla frequently with contorted esti- 
vation , andrcecium adnata- to the corolla Leaves opposite, 
ENTIRE. 

The Contortae constitute a heterogeneous order of plants, which may 
be most readily distinguished from other Sympetalae with actmo- 



Fig 552 — Oleaceue Floial 

diagram (Syi mgc) 



Fig 55S — Flov* ei of F\oi- 
imts Ormts — Offj- 
ciyAL (Aftei Wo &*• 

SIDLO ) 



Fig 554 — Oleaewojpuea 1, Flowering branch , 2, afloMei 
cut through longitudinally ; 3, tran&\ erse section of 
ovary , 4, fruit , 5, the same with pericarp partly 
remov ed —Officinal (After Wossiolo ) 


morphic flowers by their opposite, entire leaves. The contorted 
aestivation of the corolla, to which the name of the order has refer- 
ence, although of frequent occurrence, is not a characteristic common 
to all the members of the order, nor is it restricted to the Contortae. 

Family Oleaceae — Corolla with imbricate or valvate aestiva- 
tion , androecium of two stamens ; gyncecium syncarpous ; ovary 
bilocular. Woody plants without latex; leaves exstipulate (Figs 
552-554). 

The plants comprised in this family are either shrubs or trees. The leaves are 
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usually simple and entire, more rarely lobed 
or compound. The flowers are generally 
small and in paniculate inflorescences ; they 
have a small calyx and sometimes a synpetal- 
ous, sometimes a chonpetalous corolla ; m a 
few species they aie apetalous The two 
stamens constitute the most easily recognised 
characteristic of the family. Each loculus of 
the ovary contains two ovules The fruit is 
a capsule, a diy indehiscent fruit, a berry or 
a drupe. Many species contain manmte. 

Representative Genera — Fraxmus 
(Asli), with pinnate leaves; Ligushum 
(Privet), Olea (Olive), Syiinga (Lilac), Jets- 
vnnum (J essamme). 

Geographical Distribution — The 
family Olcaceae is chiefly lepresented m Asia. 
Several species are familiar as ornamental 
plants, e g . the different species of Lilac 
(Symnga, vulgaris , from South - Eastern 
Europe , S chincnsis, S. per $ tea), Jessamine 




Fir; 555 — Gentiana luteci a and h, 
FLower-buds (nat size), showing calyx 
(a) and twisted corolla (5), c, trans- 
veise section of ovary — Officinal 
(After Berg and Schmidt ) 



Fio 55(3 — Ei utin aea L'untaui um 1, Apex at 

flow rung shoot, 2, a flower cut thiough 
longitudinally , 3, anther , 4, fruit , 5, 
transverse section of fruit. — Officinal 
(After Wossiddo ) 



Fig. 557 — Vuim nutwr* 1, Apex of flowering 
shoot; 2, flower-bud cut through longi- 
tudinally ; 3, a stamen 3 4, pistil. (Aftei 
Wossidlo ) 


(Jasviinuvi grctndiftoru'ni, etc ), Forsythia vivid'issima, etc. The most important 

2 x 
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economic plant of the family is the Olive-tree, Olea europaea (Fig. 554), often, 
cultivated m Southern Europe. The oil is extracted fiom the pulp of the upe 
fruit, and also, although to a less extent, from the seeds. The wood (Olive-wood) 
is used for a variety of purposes 

Officinal — Oleum Olivae (vide supra) ; Manna, the dried sap of the Manna- 
Ash, Fraxmus Omits (Mediterranean). 

Family Logamaceae. — Flowers always with a synpetalous corolla and an 
haplostemonous andrcecium, in other respects essentially the same as those of 
the Oleaceae Tropical woody plants without latex, rarely herbs with stipules 



Fig 558 — Nennm Olectnfa) (reduced) — Poisoxous 


Poisonous Cueabje, used by the South American Indians for poisoning arrows 
and also as a Malayan mow poison, is prepared from the bark of several species of 
Strychnos The seeds of Stryehnos nux vomica {vide infra) are extremely poisonous 
Officinal Stvychnos nux vomica , an East Indian tree whose fruit resembles 
an orange, but has a hard rind and usually only one seed, yields Semen Sthychni 
or Nux vomica 

Family Gentianaeeae. — Corolla with contorted aestivation 
androecium haplostemonous, gynoecium syncarpous ; ovary usually 
UNILOCULAR, with parietal placentae. Herbs without latex, wholly 
restricted to the Temperate Zone (Figs. 555, 556). 
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The plants included in this family are large or small, glabrous 
herbs. Their leaves, which are almost always opposite and entire, are 
destitute of stipules. The flowers are often large and highly coloured, 
terminal and solitary, or more frequently they are arranged m di- 
chasial inflorescences. The fruit is a two-valved, many-seeded capsule 
Many species of Gentianaceue are rich m bitter principles. 

Representative Genera — Gent tana (Gentian), with straight anthers ; Ery- 
thraea (Centauiy), with antlieis spnally twisted , Ghloia (Yellow-woit) , Menyanthcs 
(Buckbean), with scattered, ternate leaves 

Officinal — Gentiana lutea (Fig 555), and G pannomca, punctata, purpurea, 
yield Radix Gkn it vnae , Erythraca Gentaui %u7n (Fig. 556), Herba Centauhii , 
Menyanthcs tnfohata, Folia Tripoli r fibrini 



Fk. jy'J lejniti i untsuti utt .1, Flow et , an, arnlt u'cium ( x 4), D, calyx and gyiiieemin , 

fn , o\aiy, corpnseula ( X 0), C , pollima (magnified) (After Baillon.) 

Family Apoeynaeeae — Corolla with contorted estivation , 
androecium haplostemonous ; pollen granular or in tetrads ; carpels 
usually free below ; ring-shaped stigma. Plants with LATEX (Figs. 
557 , 558 ) 

In this family aie lepresented perennial herbs, shrubs, lianes, and trees ; all 
usually evergioen, with opposite, entire leaves The rotate or funnel-shaped 
flowers, u Inch aie often largo and conspicuous, are aggregated m eymose inflores- 
cences , the flint is usually a capsule, both of whose fiee carpels (follicles) dehisce 
along the vential suture, setting free numerous and often hany seeds to he 
disseminated by the wind 

Gkouuaviiu'AL Distribution. — The Apoeynaeeae are chiefly indigenous to the 
Tiopics, where numeious species a,ie found. Familiar examples of this family are 
afloidcd by the Oleander, jVerium Oleander , and Periwinkle, Vvn ca mmor (Fig 
557) 

Poisonous — E'erium Oleander (Fig. 558), an evergreen shiub of Southern 
Europe, with lanceolate leaves and laige rose-coloured, more rarely white oi light 
yellow, hagiant flow'ers. All parts of the Oleander are poisonous 

Officinal — Various species of Strophanthus (e g S hispidus), tropical lianes 
of Western Africa, yield Semen Strophanthi From Aspidosparma Quebracho, a 
tree native of the Argentine Republic, is denved Cortex Quebracho. 
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Family Aselepiadaeeae. — Corolla with, contorted estivation ; 
androecium haplostemonous ; pollen - grains of each loculus of the 

anthers adhering together, in the form of a 
pollinium ; carpels with FREE OVARIES, 
united above into a prismatic stigma. Plants 
with latex (Figs. 559, 560). 

In their vegetative portions and fruit the Asclepia- 
daceae are like the Apocynaceae, but differ from 
them as from all other Dicotyledons m the struc- 
ture of their androecia. The stamens are united, at 
leaSt at the base , each of them bears a large dorsal 
appendage (Fig 559-, A). These staminal append- 
ages together form a corona. Especially charac- 
teristic, also, are the club-shaped pollen-masses or 
pollima, resembling those of the Oichidaceae ( cf 
p 488). For the purpose of pollination by insects, 
the pollima are attached m pairs (one pollinium 
from each pair of contiguous anthers) to a cokpus- 
culum: or glandular outgrowth of the stigma (Fig. 
559, B, G) 

Geographical Distribution. — The Asclcpia- 
daceae are chiefly native of the Tropics, where they 
are found as lianes or epiphytes In the barren 
desert-regions of Southern Africa they are repre- 
sented by leafless, Cactus-like succulents ( Stcipelia ) 
Poisonous — The latex of most of the Asclepia- 
dccceae, and also all parts of the species Vincetoancwn 
officinale (Fig 560), possess toxic principles The latter is a small, inconspicuous, 
white-flowered plant, with capsules and long-haired seeds. 

Officinal — The bark of Gonolobus Gondurango and other lianes of Pei u and 
Ecuador yield Cobtex Condukango. 



Fig 


560 - 
(4 nat 


- Vinreitxcunnii officinale 
size) — Poisosous 


Order 5. Tubiflorae 

Flowers hypogynous, actinomorphic, sometimes slightly zygo- 
morphic, generally with the formula K5, 05, A5, G(2) • stamens com- 
plete in number, inserted on the corolla , ovary bilocular (rarely 
trilocular), with two ovules m each loculus ; loculi frequently cham- 
bered by false dissepiments. Leaves alternate 

In spite of the great difference m appearance, the structure of the 
flowers proves the existence of a close affinity between the different 
members of the order. The families included m the Tubiflorae 
form the beginning of a series, which is further continued by the 
families of the two next succeeding orders, the Personatae and Labuxti- 
floi <ze. That the families of the Tubiflorae, in particular the Con- 
volvulaceae, are the older, or have deviated less from the ancestral form, 
is rendered probable from a comparison of their actinomorphic flowers 
and pentamerous androecia with the zygomorphic flowers and reduced 
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andrcecia of the Personcttae and Liibiatijlorae The varying number of 
carpels, then’ not infrequent separation, and the variability in the 
number, position, and structure of other parts of the flowers, while 
establishing the connection of the Tubijiorae with other orders, confirm 
the supposition of their 
greater age. In the Person- 
atae and Labiatifloi cie, on the 
other hand, the flowers appear 
to be constructed in accord- 
ance with a fixed type 

Family Convolvulaceae. 

Corolla FOLDED LONGI- 
TUDINALLY in the tud, 

TWISTED, usually to the right ; 
ovary bilocular, with two 
erect ovules in each loculus , 
loculi often two-chambered , 
embryo curved. Mostly 
climbing herbs and shrubs, 
usually with LATEX (Fig. 

561) 

The majority of the plants 
in the family are sinistrorse 
herbaceous climbers, with 
heart-shaped leaves and con- 
spicuous flowers, usually with 
a funnel-shaped, slightly lobed 
corolla. The fruit is a capsule 
or berry In addition to the normally assimilating leafy species, the 
family of the Coiu'olvulaceaa includes (species of the genus Cuscuta) 
a number of thread-like parasitic plants almost devoid of chlorophyll. 
The species of this genus twine about other plants and obtain nourish- 
ment by sending out haustoria into their stems (cf p 208, Fig. 185). 

Representative Genera — Convolvulus, with two-cleft style (e.g. C. arvensis, 
Bindweed, Fig 561) , Calystcgia (Biacted Bindweed), like the preceding, but with 
two large biaoteoles, Ipomoca, style four-cleft (c g I. purpurea, the common Morning 
Gloiy) , Cuscuta (Dodder). 

Geocuatiiic yl Distribution. — The Convolvulaceae are most extensively 
represented m tropical America. Several species of this family are well-known 
ornamental plants. Ipomoca Batatas is largely cultivated for the tuberous loots 
(Sweet Potatoes). 

Officinal. — Ipomoca Purga, a Mexican climbing plant, yielding Jalap, 
Tuber, y Jalap ae. 

The Polemomaccac differ from the Convolvulaceae m having tin ee carpels and 
no latex. Various species of Polcmomum , Cobaea and Phlox are ornamental 
plants. 

Family Boraglnaeeae. — Corolla with imbricate aestivation . ovary 



Fir, 501 — Convolvulus a unisis 1, Pa.it of a stem with 
floweis, 2 a tiowei cut through longitudinally , 3> 
fiuit, 4, seed, 5, floral diagram (After Wossidlo ) 
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dimerous, tut deeply four-lobed or chambered, with one suspended 
ovule in each chamber. Style inserted in the depression between the 
four projecting lobes of the carpels. The fruit is a four-partite schizo- 
carp, consisting of four nutlets. Seeds usually without endosperm. 
Inflorescences scorpioid (Figs. 562, 563). 

The Boragmaceae are for the most part herbaceous plants, and con- 
stitute one of the most natural and easily 
recognisable families. The succulent stems, 
covered with harsh hairs, the entire leaves, 
the scorpioid inflorescences with spirally 
coiled branches, the usually blue flowers, 
and the distinctive structure of the fruit, 

ft 


7 


c Fig 563 — Echium vulgme 1, Inflorescence , 2, a flower, 3, 

Fig* 362 — Boiago officinalis . «, fruit, 4, a single nutlet, 5, floral diagiam (After 

Flcnver , b and c, fruit (nat size) Wossidlo.) 

all serve to give the plants comprised in this family a highly charac- 
teristic appearance. 

Representative Genera. — (a) Throat of the corolla with scales • Borayo 
(Borage), stamens -with horn-like appendages (Fig 562) ; Symphytum (Comfrey) , 
Myosotzs (Forget-me-not). (6) Throat of corolla without scales Pulmonarza 
(Lungwort) ; Echvum (Yiper’s Bugloss), with zygomorphic flowers (Fig. 563) , 
Lzthospermum (Gromwell), nutlets stony, owing to the presence of calcium 
carbonate Anomalous : Heliotropzwm (Heliotrope), with undivided ovaiy pro- 
longed into an apical style 

Geographical Distribution — The members of this family abound m the 
North Temperate Zone, particularly in the Mediterranean countries. 

To the Tubzflorae belong also the two families Hydrophyllaceae (chiefly in- 
digenous to America) and Corcliaceae (tropical woody plants, with drupaceous fruit). 
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These two families, neither of which is represented in Europe, stand m close relation 
to the (Jo/ivolviolcicccto as well as to the S oTctyx^xctccctc ^ "bridging over the gap between 
them. The Hydrophyllaceac also exhibit a near affinity to the following older. 

Order 6. Personatae 

Flowers hypogynous, mostly zygomorphic; typically with the 
formula K5, C5, A5, Gr(2), but usually with a reduced andrcecium. 
Stamens inserted on the corolla; ovary dimerous, bilocular, rarely 
with false dissepiments, usually with numerous ovules. Leaves 
alternate or opposite. 

Included m this order are herbs" and woody plants, generally 
with conspicuous flowers. The corolla is commonly bilabiate. In 
most instances the 
andrcecium is 
reduced to four 
stamens, disposed 
in two pairs of 
unequal length ; 
more rarely only 
two stamens are 
present. The fruit 
is most frequently 
a capsule with 
albuminous, or 
sometimes exalbu- 
nnnous seeds. 

The Solanaccac 
are, phylogenetically, 
probably the oldest 


Fn, 364 — Stilanaceae Fit; 565 — Nv'otmna Tabacum a , Flower, b , corolla, cut open and 

Floral diagiani spread out flat, < , ovary , d and e, young huit (cf, d, e, nat size, 

(Petunia) d, x 2 ) 

family of the order, and in then generally actmomorphic flowers and pentamerous 
androecia they exhibit a close affinity to the Tv>b%florac , particularly to the Hydro - 
ph yllaccae , in which the gyncecia have a similar oblique position. The Solanaceae 
are also allied to the Boragvnaceae , with which they are connected by the small 
family Nolctnaceac (Plaited corolla, seeds and unequally paired leaves, as in the 
Solanaccae ; fruit a sclnzocarp, as in the Boraginaceae ) Between the Solctnacecw 
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a.nrl gcrojohulariaceae, on the other hand, there are no uniformly constant distinctions, 
the Serophulariaceae representing rather a continuation of the Solanaceae The 
other famili es embraced by the Personatae, with the exception of the A canthaceae , 
Globulamaceae, and Plantaginaceae, are all closely allied to the Serophulai ictceae. 

Family Solanaceae. — Corolla plaited in the bud, usually actino- 
morphic ; androecium pentamerous ; carpels obliquely placed with 



Fig 56$ — Nicotuina Tabacwn (} mat size ) — Fig 507 — At? opa Belladonna (} nat sue ) — 

Poisonous and Officinal Poisonous and Officinal 

reference to the median plane of the flower ; seeds with endosperm 
(Figs 564, 569) 

The majority of the Solanaceae are herbs (m the Tropics also 
represented by shrubs and small trees), with numerous, often 
glandular hairs, and not unfrequently with prickles. In the region of 
the inflorescence the leaves are often borne m pairs, consisting of one 
large and one smaller leaf. This peculiar disposition of the leaves is 
due to the displacement of the bracteoles and subtending bracts, which 
adhering to their growing axillary shoots are carried up a distance on 
them (Fig 567). The flowers are either solitary or grouped m 
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inflorescences (Fig. 566) ; they are variously shaped and usually have 
a five-lobed corolla, often of a pale violet colour. The oblique 
position of the carpels (Fig 564) is a distinctive characteristic of 
the flowers of this family. The fruit is a berry or capsule. The 

seeds are generally reni- 
form, and contain a curved 
embryo embedded m an 
oily endosperm. 

Representative Genera. 
— (os) Fruit a capsule : Nico- 
tmna , Datura,, capsule four- 
valved ; Eyoscyamus, flowers 
zygomorphic, capsule dehis- 
cing transversely, a pyxidium. 
(b) Fruit a berry • Solatium , 
anthers converging, opening 
by pores , Lycoperstcum, Cap- 
sicum; Atropa , Mandr agora , 
Physalts, the baccate fruit en- 
veloped by the persistent red 
calyx. 

Geographical Distribu- 
tion — The Solanaceae com- 


*4 

mm 


Fiti fjob — iJatiuct Ntiammuitm nat sue) — 

Porso \ors anti Omm r 

pnse Chiefly plants of the Tropical Zone. 

In addition to the officinal plants, this family 
contains a number of othei economic plants, 
all of which are natn es of South America 
the Potato, Solanum tuboosum (p. 24, Fig 
24) ; the Tobacco-plant, Nicotiana Talacwn 
(Fig. 566), and K rustiea, the Tomato, 

Lycoperstcum csculentuvi, etc The Potato 
plant glows wild m the Andes mountains 

m Chili , it was first introduced into Spain and thence into Europe m the latter 
half of the sixteenth centuiy The first introduction of Tobacco into Europe 
occurred about the same time It is stated that Nicotiana Tdbacum is still found 
growing wild m Peru and Ecuadoi 

Poisonous.— A lmost all of the plants of this family are wholly oi in part 




Fio. 509 — Eyoscyamus rnger nat size) — 
Poisono us and Officinal 
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poisonous, in most cases on account of the alkaloids they contain. All parts ol 
Solatium tuberosum contain solanme ; on that account it is dangerous to eat 
potatoes that have turned green or suoh as have developed shoots. Solatium 
Dulcamara (Bitter-sweet) contains solanme in all its parts, with, the exception 

of the harmless berries Sola- 
o o nine occurs, on the other 

hand, in the black berries 
of Solarium nigrum (Common 
Nightshade), a weed fre- 
quently growing in fields. 
The unripe flints of the To- 
mato have been known, when 
eaten, to produce symptoms 
of poisoning Atropa Bella- 

Fig 570 . — Seraph ala naoeae Floral diagrams A , Verbascum . donna , the Deadly Nightshade 
B, Veiomea (After Eichler ) (Fig. 567), is the most noxious 

plant of this group. It is an 
herbaceous plant with reddish brown campanulate flowers and very poisonous 
black berries enveloped by the persistent calyx Datura Stramonium, the Thorn- 
Apple (Fig. 568), is also a narcotic, poisonous, herbaceous plant, of common oceur- 
lence on waste ground. It branches dichotomously and bears white, funnel-shaped 
flowers producing large prickly capsules. Syoscyamus mger, Black Henbane (Fig. 
569), grows m situations similar to those m which the Thorn-Apple is found , it 
also possesses dangerous narcotic properties. The flowers, which are disposed m 
one-sided inflorescences, have a funnel-shaped, five-lobed, yellow corolla marked 
with violet veins ; the fruit is a pyxidium. Nicotiana Tabacum (Fig. 566) con- 
tains toxic principles in all its parts. ' ~ 

Officinal. — Atropa Belladonna yields Folia et Radix Belladonnae , Datut a 
Stramonium, Folia Stramonii ; Hyoscyamus niger , Herba Hyoscyami ; Capsicum 
annuum, Fructus Capsici , Xicotiana Tabacum, Folia. Tabaci , Solatium Dul- 
camara, Cattles Dulcamarae. 

Family Serophulariaeeae — Corolla most frequently zygomorphic, 
NEVER PLAITED in the bud ; androeciutn usually REDUCED to FOUR OR 
two STAMENS; carpels median (Figs. 570-573) 

Of the plants comprising the Serophulariaeeae, the majority are 
herbs with simple, toothed, rarely lobed leaves, which may be opposite 
or alternate but never unequally paired, as in the Solanaceae <*Many 
species, although provided with leaves, are root-parasites. The flowers, 
whether solitary and axillary or in racemes, always have a lateral 
origin. In some genera the flowers are nearly actmomorphic, with 
pentamerous androecium (Fig. 570, A) , but m most of the forms they 
are distinctly zygomorphic, while the androecia are also reduced. 
In cases where one stamen is rudimental ( Scrophularia ) or suppressed, 
it is usually the posterior one. Sometimes, in consequence of more 
extended suppression, only two stamens remain (e.g. Veronica, Fig 570, 
B). The fruit is a capsule, or less frequently a berry 

Sub-Families and Representative Genera.— (1) Antirthinoicleae . Corolla 
with descending aestivation ( i.e the two posterior petals overlap the lateral, which 
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m turn enclose tlie antenoi stamen) ; autotrophic plants Vcrhaseam (Mullein), 
with five fertile stamens (Fig. 572) , Scrophulcmco (Figwoit) ; Antirrhinum (Snap- 
dragon), corolla with short spur and two closed lips, capsule opening by pores ; 
L'ina/na, (Toad-Flax), coiolla 
with long spur, otherwise as 
m the preceding genus , 

Digitalis (Foxglove), coiolla 
obliquely campanulate, cap- 
sule opening by valves (Fig 
571) ; Grafoola (Hedge -Hys- 
sop) ; Veronica (Speeds ell) 

(2) Ehmanthoideae. Corolla 
with ascending aestivation 
c . the two posterior petals 
overlapped by the lateral) , 
leafy plants, more rarely 
parasites devoid of chloro- 
phyll, and with haustona. 

Ehinanthus (Yellow-Rattle) , 

Melampyium (Cow-Wheat) , 

Euphrasia (Eyebnght) , Pedi- 
culans (Lousewort). 

Geographical Distribu- 
tion. — The Scroph u lanaceac 
are of frequent occurrence in 
the temperate zones of both 
hemispheres, growing m the 
most varied situations Many 
are ornamental plants, c.g. 

Antmhmum magus , various 
species of Veronica^ Paulowma impemalis (arborescent) 

Poisonous. — Digitalis purpurea (Figs 571, 573), an unbranched, thickly-leaved, 
hairy biennial bearing terminal, one-sided racemes of reddish campanulate flowers ; 
all paits exceedingly poisonous Gratiola officinalis , a perennial, glabrous heib, 

growing in damp situations to a height ot 
30 cm , with narrow, toothed leaves and 
axillary tubular flowers, of a whitish 
colour 

Officinal — Digitalis pmpw ca , tlie 
Purple Foxglove (Fig 573), yields Folia 
Digitalis , Verbasmm thapsiforme (Fig 
572) and V phlomoides, Flores Vekbasci, 




Fig 571 — Digitalis put p area a, 

and spiead out, c , calyx and pistil, d, 
cence , ^transverse section of fiuit (nat 


Flower , coiolla cat open 
fiuit aftei clehis- 
size) 




Family Utrieulariaceae — 
Flowers distinguishable from those 
of the preceding family by their 
UNILOCULAR ovaries with FREE 
central placentae and exalbuminous seeds Carnivorous, aquatic 
and marsh plants 


Fig 7)72 — Vcrhasnuu thapsiforme. a, Flover, 
h , calyx and stjle (nat si/e) — Orr/crjr i/,. 


The flowers have only two stamens, and are distinctly zygomorplnc and long- 
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spurred, like those ot Lmana. The fruit is a many-seeded capsule. The plants 
included in this family are, for the most part, tropical. The more familiar 
northern representatives belong to the genera Pingv/ioula , the Buttenvort, and 
Utriculana , the Bladderwort (see p 215 and Tig 34). 



Fig 073 — Digital u> purpurea Q uat size) — 
P oi soy ora and Officinal 


Family Gesneriaceae. — Flowers differing from those of the Scropli- 
ulanacem chiefly in having unilocular ovaries with parietal 
placentas. Flowers sometimes epigynous 

The Gesneriaceae are for the most part tropical plants, some of which 
( Gloxinia ) are well-known hot-house plants To this family belong the 
Broom-rape and Toothwort, parasitic plants without chlorophyll, 
belonging respectively to the genera Orobanche and Latham. 

Family Plantaginaeeae. — Flowers aotinomorphic, in perianth and 
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androecium apparently tetramerous , K4, C4, A4, G(2) , corolla 
membranaceous , ovary one- to four-locular Herbs (Fig. 574). 

The apparently teti amorous character of the flowers is due to the suppression 
of the postei lor sepal and stamen, and the coalescence of the two posterior lobes of 
the corolla. Most of the species of this family have a radical rosette of entne 
leaves, fiom thecentie of which rises a tall scape bearing a teimmal spike of small 
flowcis. The floweis aie frequently distinctly protogynous ; they are usually 
anemoplnlous (e g Plctntago lanceolata), rarely msect-pollmated (e g Plantago 
media) The fruit is commonly a many-seeded pyxidium. The plants comprised 
in the few genera of this family are scattered ovei the whole world, without being 
in any one region particularly prominent Various species of Plantago (Plantain) 
are common field and wayside weeds 

The ordei Personatac includes also the following families : Jhgnoniaceac 
Tiees and tendul-elimhing lianes of warm climates, usually with compound leaves, 
and winged seeds without endosperm , fruit a woody capsule Acanthaceac 
Tropical herbs and shiubs Seeds few, without endosperm and attached to the 
projecting placentre by strong fumguli, which frequently have characteristic 
appendages (11 obulanaceae Flow ei s m small heads , ovary unilocular with one 
ovule 


Order 7. Labiatiflorae 

Flowers hypogynous, almost always zygomorphic, theoretically with 
the formula Iv5, C5, A5, G(2), but usually with reduced andrcecia , 
stamens inserted on the corolla, ovary bilocular, with four erect 
ovules, each loculus subdivided by a false dissepiment. Fruit 
commonly a schizocarp. Leaves generally opposite. 

The plants constituting this order are herbs or shrubs, rarely trees , 
their vegetative organs are usually hairy and often aromatic. The 
flowers are axillary, in most instances distinctly zygomorphic and 
aggregated in inflorescences. The fruit is commonly a four-partite 
schizocaip, more rarely a drupe or capsule. 

The order Lalnct tijlorae does not represent a continuation of that of the Pei sonatae, 
hut rather a lateral offshoot from the branch of the Tubifim ae The fruit of the 
Lahiatgc, it l.s true, coi responds with that of the Boraginaceae, but similar fruits 
occurs also in the Tabijlome and Pci sonatae. As there aie no other points of 
resemblance between the Labiatac and Boraginaceae, it is manifestly unwarrant- 
able to assume the existence of a neai lelationship between these two families, such 
as, for example, exists between the Solanaeeac and Scrophulariaecae. The Labiati- 
florae were apparently sepaiated from the Tiibiflorac at an early stage, their 
nearest allies arc piobably found among the Goiwoliulaceac 

Family Verbenaeeae — Ovary one- to two-locular, more usually sub- 
divided and four-chambered (not lobed), the style therefore terminal. 
Fruit a DRUPE, less frequently a capsule or schizocarp. Vegetative 
organs and inflorescences not uniform 

The Veibenaccac consist foi the most pait of tropical plants, represented m the 
Temperate Zone chiefly by the genus Verbena (Vervain). Teetona grandis, the 

2 Z 
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Teak-tree of the East Indies, yields a wood highly \alued foi shipbuilding and 
other purposes Verbena jlublctia is a common garden plant 

Family Labiatae. — Ovary deeply four-lobed, bicarpellary, four- 
chambered, with gynobasio style (attached to the base instead of to 
the summit of the ovary ) ; fruit a four-partite schizocarp with four 



Fig 575 — Floral diagram of 
Lamium (LaMatae) 

nutlets. Herbs and small 
shrubs with quadrangular 
stems and opposite leaves ; 
inflorescences dichasial 
(Figs. 575-577) 

The Labiatae con- 
stitute one of the most 
natural families of the 
vegetable kingdom. The 
quadrangular stems and 
decussate leaves give the 
plants of this family 
a distinctive character, 
which is enhanced by 
their odour and general 
hairiness The aroma so 
characteristic of many 
species is due to the 
presence of an ethereal 
oil secreted by small 
glandular hairs scattered 
over the surface of the 
stems and leaves. Not 
less characteristic of this 



Fig* 576 —Melissa officinalis — Officinal (After Berg 
and Schmidt, J nat size.) 


family is the apparent disposition of the short- stalked flowers in 
whorls, but which in reality represent axillary scorpioid cymes, some- 
times termed verticillasters The separate inflorescences often become 
aggregated m terminal heads and spikes, as m the Thyme and Pepper- 
mint. The calyx (Fig. 577) is gamosepalous and five-toothed. The 
corolla is usually bilabiate, with two lobes in the upper lip and three 
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in the under ; it is variously coloured, but most frequently of a carmine 
or violet colour The andrceeium chiefly resembles that of the 
Scrophulariaceae , while the gynoecium is constructed as m the Borur 
ginaeeae, consisting of an originally bilocular ovary whose carpels 
become deeply constricted longi- 
tudinally and thus subdivided, 
each into two chambers. The 
NUTLETS (Fig 577, d, e) of the 
fruit always have a hard outer 
wall ; they are sometimes partially 
aborted. 

Representative Genera — Ajuga 
(Bugle), with short upper lip ; Teuerium 
(Germander), upper lip deeply cleft , 

Staehys (Betony, Hedge -Nettle), Galc- 
opsis (Hemp - Nettle), and Lartuum 
(Dead-Nettle), with helmet -shaped upper 
lip , Ncpcta (Cat-Mint) and Glcehoma 
(Giound-Ivy), unlike most of the other 
geneia, with a long posteuor stamen, 

Mentha (Mint), with almost actmo- 
niorpluc corolla and stamens of about 
equal length; Thymus (Thyme), Chi- 
yanum (Maijoiam) ; Lavandula (Laven- 
der) ; Salvia (Sage) and Rosmarinus 
(Rosemary), with two stamens, each of 
which has only a feitile half-anther. 

Geographical Distribution — Like 
most aromatic plants, the Lahiatac thiive 
best m a diy, sunny situation. They accordingly constitute an important part 
of the vegetation of the Mediterranean countries, where these conditions of 
growth are fulfilled, and where, foi example, although not restricted alone to those 
countries, the officinal Rosemary, Sage, Thyme, and Lavender are found growing 
wild Many aromatic species are cultivated as kitchen-herbs • Sweet Marjoram, 
Origanum Majorana, Summer Savory, Saturcia hortensis , Sweet Basil, Omnium 
Basihuim, the Garden Thyme, Thymus vulgaris , Sage, Salvia officinalis. 

Oeeicinal — Lavandula vera yields Flores Lavandulae , Salvia officinalis. 
Folia Salviae , Melissa officinalis, the Common Balm (Fig 576), Folia Melissae , 
Thymus Serpyllum, Herba Serpylli , Thymus vulgaris, Herba Thymi , Ros- 
marinus officinalis, Folia et Oleum Rosmarini ; Mentha piperita (Peppermint), 
Foli v et Oleum Menthae piperitae ; Mentha emspa, Folia Menthae crisp ae , 
Galcopsis ochrolcuea, Herba Galeopsidis , Origanum vulgare, Herba Origani. 

Order 8. Rubiinae 

Flowers epigynous, actinomorphic or zygomorphic, with the 
formula Kn, Cn, An, (G2^s), in which n = 4 or 5. Calyx greatly 
reduced ; andrceeium inserted on the corolla ; ovary two- to three- 
locular. Leaves generally opposite. 




Fig 577 — Galcopsis ochroleuca «, Flower , b, 
the same with calyx removed; c, coiolla cut 
open, showing stamens and style , <7, calyx 
and gynoecium , e, fiuit — OFFICINAL (c' ; b 
nat size , e, cl 9 e x 2 ) 
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The Rubiinae comprise herbaceous, shrubby, and, more rarely, 
arborescent plants, varying greatly m general appearance, and, with 
the exception of opposite leaves, having but little in common m their 
vegetative structure. The flowers are usually small and aggregated in 
profusely branched inflorescences, which often assume an umbellate 
character The corolla is sometimes campanulate or cylindrical, but, 



Fig 57S — Abpti ida rulotatu 1, Ape\ 
of flow ei mg slioot The false w hurls 
consisting of two lea\es and four to 
si\ stipules, 2, flower cut through 
longitudinally , 3, longitudinal sec- 
tion of ft ui t , 4, fioial diagram 
(After "VVossidlo ) 



Fiu 57 q — Coffcn a vain tv 1, Flow ei mg blanch, 2, flint, 
3, fiuit in trail s^ise section, 4, seeds — Off/c/js \i 
(Aftei \Vo>ssidlo ) 


most frequently, rotate or funnel-shaped, according as its lower 
portion forms a longer or shorter tube. The fruit assumes various 
forms, sometimes dry, sometimes juicy 

Family Rubiaeeae. — Flowers actinomorphic, androecium with 
FUJLL NUMBER OF STAMENS, ovary DIMEROUS, BOTH LOOULI fertile. 
Herbs and woody plants with simple, stipulate leaves (Figs. 578-580). 

The Rubiaeeae form one of the largest and most varied families of 
the vegetable world. The almost always entire and opposite leaves 
and the invariable presence of stipules, either leafy or scale-like, con- 
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stifcute the characteristics most distinctive of this family The charac- 
teristics given for the order hold good as regards the structure of the 
fruit and flowers 


Sub-Families and Representative Genera —(1) Stellatae Stipules like the 
leaves , loculi one-seeded Galium (Bedstraw, Cleavers), corolla lotate , Asperula 
(A odoiata , "Woodruff, Fig. 578), corolla funnel-shaped, Sheiardict (S ctrvcnsis. 
Field Madder) (2) Coftcoidcac 
Stipules scaly , loculi one-seeded 
Coffca , Cc ! phacl/is (3) Cincho- 
na ulcae Stipules scaly , loculi 
many-seeded Cinchona , Unearia 
Geographic w, Distribution 
— The llub%aeeae comprise 
numerous species of mostly 
tiopieal lieibs and shmbs The 
Coffee-plant, Coffca arabica (Fig 
579), is a small e\ergreen tree, in- 
digenous to the tropical moun- 
tainous districts of Eastern Africa, 
but now cultivated m all w arm 
countiies The white flowers dis- 
posed m a\ilhuy clusters produce 
red, eherry-like drupes, each con- 
taining two seeds or coffee-beans 
Bia/il supplies the largest pai t of 
all the coffee consumed, but the 
best comes fiom South-Western 
Aiabia (Mocha), the Sunda Islands 
( ,Ta\ a, Celebes), and Ceylon. The 
'various species ot Gaidaua culti- 
vated as ornamental plants also 
belong to tins tamily 

OpmcivUj — Cinchona mccuubra , C. Lcdgcnana , and other species of the same 
genus (Fig 580) yield the cinchona-bark, Cortex Cinchonas, ft om which Quinine 
is prepaied The Cinchonas glow wild m the Andes mountains and are laxgely 
cultivated m the mountainous regions of India They are eveigreen trees with 
lanceolate or loundish leaves and with flowers in pyiamid-sliaped panicles The 
flowers aie about 1 cm long and have a yellowish or carmxne-coloni^d, funnel- 
shaped corolla with ihe fringed lobes. When the fruit is upe the two carpels 
separate at the base, but aio held together at theii apices by the calyx , they open 
by a slit in the middle of the paitition dissepiment. Cephaehs Ipecacuanha^ a small 
undei -shrub native of Brazil, yields Radix Ipecacuanhas. Uncana G&mbvr, an 
East Indian hane climbing by means of hooks, yields the leaves and young shoots 
f i om which Catechu is extiacted The alkaloid Coffeinum is denved from the 
coffee-bean 



Fm 5S0 — LUnchona lann/oha 1, Flowering branch , 2, 
flowei , 3, fiowei cub tluongh longitudinally , 4, fimt , 
5, seed —Officii ai (Attei Wossidlo ) 


Family Cappifoliaceae. — Flowers actin omorphic or zygomorphic , 
andruecium WITH FULL number OF STAMENS; gynoecium usually 
trimerous , loculi ALL fertile; mostly woody plants, as a rule with 
stipulate leaves (Fig. 581 ). 
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There is, properly speaking, no characteristic feature which separates the 
Cap nfoliaceae and liubiaceac 

The majority of the members of this family are shrubs with simple 
or pinnate leaves and, most often, with cymose inflorescences. The 
corolla is rotate, campanulate or tubular, in the last case zygomorphic. 
The fruit is commonly a berry or drupe. 

Subdivisions. — (1) Scimbuceae Corolla actmomorphie, rotate ; style short , 
fruit a drupe. Sambucus, the Elder, has pinnate leaves and a diupaceous fruit 
with three stones. The leaves of Viburnum (Arrow-wood, Guelder-rose) are 
simple , the diupes have only one stone. (2) Lomcei eae Flowers with an actino- 



Fio 5S1 — Sambucus mgia l, Floweimg branch. ; 2, a flower cut through longitudinally , ^ flint , 
4, floral diagram —Officinal (After Wossidlo ) 

morphic or zygomorphic, tubular corolla and a correspondingly long style, e.g 
Lomcera (Honeysuckle) with zygomorphic flowers, Lvnnaca (Twin-flow er), etc. 

Geographical Distribution. — The Capnfolicooeae are m large part represented 
by shrubs and small trees growing in woods and thickets in the Tempeiate Zone of 
the Northern Hemisphere Several well-known ornamental plants are included 
in this family : the Snowball-tree or Guelder-rose, a variety of Viburnum Opulus , 
with sterile flowers only ; and the various species of Honeysuckle {Lomcera) and 
Bush-Honeysuckle or Wagelia 

Officinal. — Sambucus nigra (Fig. 581) and S. canadensis yield Flores 
Sambuci. 

Family Valerianaeeae. — Flowers asymmetrical, with penta- 
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merous perianth ; androecium reduced , ovary trilocular, with only 
one fertile loculus (Figs. 582, 583). 

The family comprises herbs and small under-shrubs, having simple 
or pinnate leav.es without stipules. The flowers are small and 
aggregated in profusely branched, dichasial inflorescences. At the 
time of flowering the calyx is rudimental, but it eventually assumes the 
form of a feathery pappus (Fig. 583). The actmomorphie or spurred 
corolla is rotate or funnel-shaped, usually of a light rose-colour. The 
androecium, which was originally pentamerous, has suffered reduction, m 
which process either the median stamen alone or, in addition, one or 
three lateral stamens have been suppressed. Except in the first case 
the androecium is asymmetrical with respect to the median plane of the 
flower. The gynoeciurn, oh the other hand, is always asymmetrical, one 
of the lateral loculi, never the median loculus, being alone fertile 
(Fig. 582). The fruit is indehiscent. 





Fig OSJ — V< tier mnn Floial 
ihapain 


Fia uS 3 — Valeriana officinalis a. Flower (x S) , 
b, fruit ( x 4) —Officinal 


Repiik.sentv.tive Genera,. — Valenanella, corolla rotate, three stamens.. 
Valeriana, coiolla funnel-shaped, shoit-spurred, three stamens (Fig 583). Gen- 
tian thus, corolla funnel-sliaped and long-spurred, one stamen 

Geographical, Distribution — The Valcrianaceae inhabit the countries of the 
Temperate and Arctic Zones, but never form an important part of the vegetation 
Valeriana officinalis and V dwtea are common field flowers. Centranthus rubei 
is a well-known garden plant. 

Officinal — Valeriana officinalis yields Rad Valeriana e 


Order 9. Campanulinae 

Flowers epigynous, actinomorphic or zygomorphic, most frequently 
with the formula K5, 0(5), A5, G(2^3). Calyx gamosepalous, with 
long sepals; stamens inserted ON the flower-axis, usually with 
anthers adhering together ; ovary two- to three -locular, with 
numerous ovules. The possession of LATEX is characteristic of most 
of the plants of this order. 

The Campanuhnae are for the most part herbs with simple, entire, 
alternate leaves without stipules. Their inflorescences are racemose, 
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either racemes, spikes, or heads The flowers, which are commonly 
large and conspicuous, are usually of a blue colour Except that the 
corolla is in some instances actinomorphic, in others zygomorphic, the 



Fic. 3S4— Campanula*} otundtfohct a, Flovei , Fig 5S5 —Edmlluim (Curw bitaccae) Diagiam ot u 
b , the same cut through longitudinally male (A) and of a female flovvei (])) (Aftm 
(Xat size ) Eichler) 


flowers have essentially the same structure throughout the whole 
order. The anthers, though sometimes free and distinct, more 
frequently adhere together or are entirely coalescent. The fruit is a 
capsule, or more rarely a berry. 



Fig 3S6 . — Cacurbita Pepo a , Male flower, b t female fiowei , r 9 transveise section of ovary , 

7 , epicarp , gb, vascular bundles , s, ovules (a, 6, reduced ; c, nat size ) 

Family Campanulaeeae — Flowers actinomorphic ; anthers free 
or adherent; ovary usually trilocular, fruit a capsule (Fig. 584 ). 

Representative Genera. — Cctinpcovulcc (Bell-flowei ), corolla campanulate 
(Fig. 584 ) Phyteuma (Rampion) and. Jasione (J- montcmci, Slieep's-bit), with 
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flowers having a tubular corolla and aggregated m small heads or spikes, Specu- 
lana (Venus’s Looking-glass), with rotate corolla. 

Geographical Distribution. — The members of this family are mostly native 
of the North Temperate Zone, where they occupy a very prominent position m 
the vegetation, rather as the result of the 
striking appearance of their flowers than 
because of the occurrence of a large num- 
ber of individuals 

Family Lobeliaceae — Flov ers zygo- 
morphic ; antheis adherent, forming a 
tube ; ovary bilocular , fruit a capsule 
or berry. 

As in the Papilionaccae , the median 
sepal is antenoi , but, before the floweis 
open, by the toision of the flower-stalk, 
the parts of the flower ultimately appeal 
to occupy the normal position. The 
Lobehaccae are chiefly tiopieal plants. 

Lobelia Dortmaiina occui in the ponds oi 
Northern Em ope 

Officinal — Herba Lobeliae is 
derived from Lobelia mflata (Indian 
Tobacco). 

Family Cueurbitaceae, a group 
of doubtful relationship, annexed 
to the Oampanulinae. Flowers epi- 
gynous, UNISEXUAL ; calyx and 
corolla actinomorphic, adnate at 
the base , stamens five, hut they 
FREQUENTLY COHERE either IN 
pairs, so that there appear to he 
but three stamens, or, more rarely, 
they are all united into a column , 
anthers monotheuious , ovary tri- 
locular; fruit baccate, a pepo or 
succulent berry. Herbs without 
latex, commonly climbing by tendrils (Figs. 585-587). 

The majority of the Cncurbitaceae, although only annual herbs, grow 
to a large size. They are usually covered with stiff hairs, and have 
long, often hollow stems with large heart-shaped or lobed leaves and 
corkscrew -like tendrils arising near the leaves. The flowers are 
axillary, either solitary or in groups. The corolla and calyx are 
united together at the base into a cup -shaped receptacle, from the 
margin of which are given off the delicate sepals. The gamopetalous 
corolla extends above the level of the stigma ; it is rotate or cam- 
panulate, always deeply five-lobed, and of a yellow or whitish colour 
The reduction and cohesion of the tortuous anthers (anther-halves) 
give the androecium a highly characteristic appearance (Fig. 587). The 

3 a 



Fig 587 — lit yotaa cUonct . A, Flowering branch 
(i educed), B, female, <7, male flower (nat 
size) , JD, androecium (magnified) ; E, fruits , 
j F, fiiut in section — Poisonous 
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three loculi of the ovary are almost completely filled by numerous 
ovules and projecting fleshy placentae. The fruit is a spherical or 
elongated berry, not unfrequently of an enormous size. Its firm, some- 
times hard exocarp (then termed a pepo) usually encloses a succulent 
mesocarp derived chiefly from the placentae. The seeds are large and 
flat, and without endosperm. 

Geographical Distribution - . — The Cucurbitacecce compuse for the most part 
plants of the Tropical Zone, thriving best m the dry open districts. Various 
species are cultivated for the sake of their fruit, e. g. the Pumpkin ( Cucurbitci Pepo), 
the Cucumber (Gucumis satwus), the Musk-melon (Gucumis Melo), the Water- 
melon (Citrullus vulgaris), etc. 

Poisonous. — Bryonia, dioica (Fig 587) and B alba, hirsute tendril-climbers 
with tuberous roots, lobed leaves, and comparatively small berries, which m the 
former species are red, m the latter white. 

Officinal. — Gitrullus Colocynthis, a herb somewhat resembling the cucumber, 
native of the African and Arabian deserts, yields Pulpa Colocynthidis. 


Order 10. Aggregatae 

Flowers EPIGYNOUS, actinomorphic or zygomorphxc, constructed after 
the formula K5, C(5), A5, G(2) ; calyx rudimentary, stamens in- 
serted on the corolla ; anthers usually adherent (syngenesious) , 
ovary unilocular, with one ovule. Fruit mdehiscent. Inflorescence 
a capitulum, surrounded by an involucre. 

The capitate inflorescence is the most distinctive characteristic of the 
Aggregatae. The margin of the expanded axis of the inflorescence is 
occupied by numerous hypsophylls, while its whole upper convex or 
concave surface is thickly beset with small flowers (florets), which 
are frequently given off from the axils of reduced subtending bracts 
or scales (paleae). In its general appearance the whole inflorescence 
resembles a single flower, particularly when the marginal flowers are 
larger than the central, and form a sort of corolla about them. 

In the united anthers and in the occurrence of septated latex tubes the r Compo- 
sitae show a relationship with the Campanuhnae, whilst the Dvpsacaceac, on the 
other hand, are apparently connected by intermediate forms with the Valatmnaceac 

Family Dipsacaceae. — Flowers with epicalyx, usually zygo- 
morphic ; corolla four- to five-lobed, imbricate in the bud ; stanfens 
four, with FREE anthers ; style simple , ovules suspended ■ seeds 
with endosperm. Leaves opposite (Fig 588). 

Herbs with simple or pinnate leaves and many-flowered, flat or 
convex capitula whose marginal flowers are frequently larger than the 
central. The possession of an epicalyx consisting of united bracteoles 
is characteristic of the flowers of this family. The true calyx is 
rudimental, represented only by teeth or bristles. By the cohesion of 
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the two posterior lobes of the corolla, it frequently becomes apparently 
tetramerous , when the androecium is tetramerous, it is in consequence 
of the suppression of the median stamen. The nut -like fruit is 
enveloped by the persistent epicalyx 

Representative Genera —(a) With pale® . Dipsctcus (Teasel), thistle-like, 



Fig 588 — Suceim piatensis a , Flowei 
with opienlj \ , It, the same alter re- 
moval ol epicaly\ , c, liuit m longi- 
tudinal section > f \ o\aiy , M a epi- 
c\ily\ 



Fig 5S9 — Composttm Floral 
diagiam (Cm dines) 


with pnekly, luvolucral bracts and scales, corolla four-lobed; Scctbxosa, involucre 
herbaceous, coiolla five-lobed , Mucosa, corolla four-lobed (Fig. 588). (b) Without 

pale® ' Knautia 

Geographical Distribution — The Dvp&acacme are chiefly met with in sunny 
situations m the Meditenanean region. Some species occur in more northern 



Pig 500 — Longitudinal •section ol cupitulmu, a, ot Lappa major with pale®, b, ol Matoicurut 
Cha»u>MiUu without paleu* —Uiwas l l (After Berg and Schmidt, magnified ) 


latitudes. The heads of Dtpsauus fullonum, the cultivated Fuller’s Teasel, have 
hooked pale®, and are used for raising a nap upon woollen cloth 

Family Calyceraeeae — Flowers without epicalyx , coiolla valvate ; stamens 
united ; style simple , ovules suspended , seeds with endosperm A small 
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South. American famil y, which is> only of interest as establishing the connection 
between the Dipsacaceac and Compositae 

Family Compositae. — Flowers without epigalyx , corolla 
VALVATE ; stamens five, with syngenesious anthers ; style bifid ; 
ovules erect; seeds without endosperm. Leaves commonly 
alternate (Figs. 589-594) 

The Compositae comprise mostly herbs, rarely, and then usually con- 
fined to the Tropics, shrubs, lianes, and trees. The vegetative organs 
vary so greatly in their external appearance that they furnish no features 
that are valuable as a means of distinguishing the family , chemically, 
however, the Compositae are characterised by the presence of inulm in 
their subterranean parts. The flowers and inflorescences, on the other 



Fig 591 — Arnica Montana a, R&}-ficn\ei , b s 
disc-flower , c, the same cut through longi- 
tudinal!} * (Aitei Berg and Schmidt, mag- 
nified ) 



Fig 592 — Anuta montauo a, Receptacle ot 
capitulum after removal of limit, 7>, hint m 
longitudinal section, the pappus onh piirtl> 
shown. (After Berg and Schmidt, magni- 
fied ) 


hand, although they also exhibit great diversity of form, are always 
easily recognisable. The heads (Fig 590) are either solitary or com- 
bined in compound inflorescences, ‘generally of a dichasial character. 
The involucral bracts are sometimes herbaceous and green ; sometimes 
scarious and then often highly coloured, as m Eelich ysum and ojiher 
genera ; sometimes, as in many species of Centauiea, they are provided 
with dry fringed margins, or, as m the Thistle, they may be prickly. 
The expanded floral axis, the receptacle of the capitulum, is concave or 
flat (Fig, 590, a), slightly elevated or prolonged conically. It is some- 
times naked (a) or hairy, sometimes covered with small scales ( b )} 
always pitted like the surface of a thimble, with alveoli in which the 
separate flowers are inserted. The calyx is never green, and is only 
rarely represented by five colourless segments. It usually consists of 
a cushion-like ring which bears the pappus, a tuft of bristles or hairs 
(Fig. 591). The corolla is often regular and five-lohed (Fig. 591, h), 
as in the Thistle When zygomorphic, it may he bilabiate, as in the 
South American Mutisieae more frequently, by the suppression of the 
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upper lip, it becomes one-lipped or falsely ligulate (Fig. 591, a), 
as in the marginal flowers of the Chrysanthemum, or it is ligulate 
and split for a considerable distance on one side, as in Taraxacum 
(Fig. 593, 2). The one-lipped and ligulate flowers are very similar m 
appearance, but in the one-lipped flowers the corolla has only three 
teeth, in the ligulate five. The margin of the receptacle is frequently 
occupied by one-lipped flowers, and the central portion or disc by 
actinomorphic tubular flowers. In such cases it is customary to 
distinguish between ray-flowers and disc-flowers. The former are 
frequently female ( Arnica , Inula , Matricaria) or neuter (Centaur ea 
(Jyanus) ; the disc-flowers are sometimes all male ( Tussilago ). The 
style divides at the apex into two variously shaped stigmas, and is 
surrounded at the base by a honey -secreting disc. The fruit 
(Fig. 592, b) is a one-seeded indehiscent fruit or achene ; it is usually 



Pic. 5*>3 —Tiniuituuii ojuuutlr 1, Two uipitula and a le.it , 2 , a Howci , S, iiuit , 4, ieceptacle with 

one ilnut — Or Fir i \ u. (Attei Wos&idlo ) 

crowned by a pappus which is of service in the dissemination of the 
seeds by the wind. The pericarp is leathery, and often adherent to 
the oily seed. 

Si is- F amilies, T kibes, a>i> Repkesentatiy e Genek y. — (1) Tubuliflorcie. 



598 


BOTANY 


PART II 


Flowers actmomorplnc or the ray-flowers one-lipped, no latex. (A) Cynareae 
Receptacle with setaceous palese, mvolueral leaves either prickly or with 
membranaceous margins, style swollen below the stigmas into a cushion-like ring, 
fruit with pappus. Cardmis (Plumeless Thistle), involucre prickly, hairs of pappus 
naked , Cirsiurn (Common or Plumed Thistle), like the preceding, but with 
feathery pappus ; Cmcus (Blessed Thistle) , Lappa (Burdock), tips of mvolucial 
leaves hooked , Centaurea, mvolueral leaves with bristles or membranous margins, 

ray-flowers, neuter. (5) Eupatoneae Flowers 



Fig 594. — Lax.tw'a mrosa (J nat size) — 
Poisonous and Officinal 


actmomorphic, involuere herbaceous, receptacle 
without palese, style not swollen below the 
stigmas , Petasites (P. vulgaris, the Butter-bur) , 
Tussilago (Coltsfoot) , Eupatorium (Tlioiougli- 
wort). ( C ) Aster cac. Marginal flowers female, 
usually zygomorphic. (a) Anthemidcae, with- 
out pappus ; Anthemis (Chamomile) and 
Achillea (Milfoil, Yarrow), with palese , Matri- 
caria (Wild Chamomile) and Chrysanthemum, 
without palese , Artemisia (Wormwood), with 
tubular flowers only (b) Helianthcae , PLeh- 
anthus (Sunflower), (c) Calenduleac , Calendula 
(Marigold). {d) Senecioneae, pappus hairy , 
Senecio (Groundsel) ; Arnica. \{e) Astcieae, 
pappus bristle-like, frequently brown ; Aster ; 
Solidago (Golden-rod) ; Etigeron (Fleabane); 
Inula (Elecampane) ; Gnaphalium (Cudw eed) ; 
Antennana (Everlasting Cat’s-foot) and Hell- 
chrysum, with scanous involuere (f) Ambro- 
sieae, anthers fiee , Xanthium (Cocklebur) 
(2) Labiatiflorae Flowers bilabiate. The 
majority of the plants m this group are native 
of South America , none occur m Europe. (3) 
Liguliflorae. Flowers ligulate Mostly heibs 
with septated latex-tubes Tat axacum (Dande- 
lion), with beaked fiuit, pappus of unbranched 
hans , Lactuca (Lettuce) ; Crepis (Hawk’s- 
beard) , Hieracium (Hawkweed), with brownish 
pappus of unbranched hairs , JSonchus (Sow- 
Thistle) ; Scorzonet a and Ti agopogon ( T ppm- 
folius, Salsify), with featheiy pappus , Leun- 
todon (Hawkbit). 


Geographical Distribution — The Compositae form the largest family of the 


vegetable kingdom, compusmg from 10,000 to 12,000 species, scattered over the whole 
world. The following are important on account of their special economic value 
Lactuca satwa (Lettuce), Cichorium Endima (Endive), C. Intyhus (Chicory), 
Cynara Scolymus (Artichoke), Scorzonera hispamca (Yiper’s- grass), Artemisia 
Dracunculus (Tarragon) Ornamental plants : Dahlia vanabilis (Dahlia), various 
species of Aster and Chrysanthemum , Helianthus annuus (Common Sunflower), 
Calendula officinalis (Pot-Mangold). 

Poisonous. — Lactuca mrosa (Fig. 594), a tall glabious herb over 1 50 metre 
high, with elongated amplexicaul leaves and small yellow-flowered capitula m 
corymbs. The achenes are black and have a white pappus The whole plant is 
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abundantly supplied witli a white, ill -smelling latex, which, as Lactitcarium, 
is officinal in Austria. The plant is not dangerously poisonous. Luctuca Scariolct 
(Prickly Lettuce) resembles the preceding species, but has almost vertical leaves, 
not horizontal as m L . mrosa, and brownish achenes , it is not poisonous. 

Officinal — Arnica montana yields Radix et Flores Arnicae ; Artemisia 
Absinthium (Common Wormwood), Herb A Absinthii ; Artemisia sp. (from 
Tiukestan), Flores Cinae , Matiwana Qhamomilla, Matricaria, the German 
Chamomile , Onicus lenedidus (Southern Europe), Herba Cardui benedicti , 
Inula Selenium (Common Elecampane), Radix Inttlae , Tussilago Farfara , Folia 
Faufarae , Achillea Millefolium (Common Yarrow or Milfoil), Herba Millefolii , 
Anthemis nobihs (Garden Chamomile), Flores Anthemidis ; Spilanthes oleracea 
(South America), Herba Spilanthis ; Lappa vulgaris , Radix Lappae ; Anacyclus 
Pyrcthrum (Southern Eui ope), Radix Pyretjipj ; Taraxacum officinalis (Common 
Dandelion^, R vdix et Folia Taraxaoi ; Lactuca mrosa , LACTUCARiim. 




LIST OF OFFICINAL PLANTS 

(-LsAv isles denote Illusti cdions ) 


Abies alba, ! 440, 442 
Acacia, Catuclm, 558, {Senegal, '557,558 ; 
Suma, 558 

Aclnllea Millefolium, 599 
Aeomtum Napellus, ‘511, '512- 514 
xAcorus Calamus, 1 47 1 
Agatlm loianthifolia, 442 
Agiopjrum lepens, 482 
Aloe soeotuna, MSS 
Alpmia ofheinarum, 486 
Althaea olfieiuali'., *530 
Anacjelus Pyietlnum, 599 
Audit a Aiaioba, 562 
Authenns no! tills, 599 
Archangelica officinalis, 550 
Aictostapliylos U\a him, 569 
Areca Catechu, 473 
Arnica montana, *596, 599 
Aitemisia Absinthium, 599 
sp. (Flores Cmae), 599 
Aspuluim fili\: mas, *397, 400, *401, 40b 
Aspidospeinia Quebracho, 575 
Astragalus, 56*2 
Atropa Belladonna, ‘580, 582 

Beta vulg \his var Rapa, *507 
Boswell la Bli au - Da j l a ua, 535, Caitesii, ib 
Biassfca mgia, 5*20 

Canakium, 535 

Cannabis satna, 501, 502, 503 
Capsicum animuni, 582 
Carum Carvi, *546, 550 
Capsia acutitolia, • 557, 559 , angustitolia, 
559 

Cephaehs Ipecacuanha, 589 
Cetrana lslandica, '379, 381 
Chondius cuspus, *334, 337 
Cinchona laucifolia, *589 ; suceirubra, tb 
Ledgenana, ib 

Cmuamomum zeylanicum, "'516, 517 

Camphoia, 517 ; Cassia, 517 
Citrulliis Colocyn tins, 594 


Citrus Limouum, 535 ; vulgans, 535 
Claviceps purpurea, *357, 358 , sclerotium 
of, *87 

Cmeus benedictus, 599 

Cochleana officinalis, 520 

Cocos nucifera, *471, *472, 473 

Coffea arabica, *588 

Colchicum autumnale, *467, 468 

Commiphora Myrrha, 535 

Comum maculatum, *546 

Copaifera guianensis, 559 ; officinalis, 559 

Coriandrum sativum, *546, 550 

Crocus sativus, 470 

Cioton Eleutena, 543 , Tiglium, 543 

Curcuma Zedoana, 486 

Cjdonia vulgaris, 556 

Datura Stramonium, *581, 582 
Digitalis purpurea, *583, *584 
Dorema Ammoniacum, 550 

Elettuua Cardamomum, 486 
Eiythraea Centaurium, *573 
Eiythroxylum Coca, 533 
Eugenia caryophyllata, *564, 565 
Euphorbia resimfera, *541, 543 

Ferula galbaniflua, 550 , Nartliex, 550 , 
rubucaulis, 550 

Foemculum capillaceum, 550 , officinale, 
4 546 

Fraxinus Ouras *572, 574 

Galeopsis ochroleuca, *587 
Gareima Morelia, 525 
Gentiana lutea, *573, 575 ; pannomea, 
575 , punctata, 575 ; purpurea, 575 
Gigartina mammillosa, *335, 337 
Glycyrrhiza glabra, 562 
Gonolobus Condurango, 576 
Gossypium herbaceum, *531 

Haematoxylon campechi vnum, 559 
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Hagema abyssmica, *552, 556 
Hopea, 525 
Hordeum vulgare, 482 
Humulus Lupulus, *502, 503 
Hydrastis canadensis, 514 
Hyoscyamus mger, *581, 582 

Inula. Helenium, 599 
Ipomoea Purga, 577 

Insflorentina, *469, 470 ; germamca, 470 , 
pallida, 470 

Jateorhiza Oalumba, 516 
Juglans regia, *498, 499 
Juniper us communis, *439, 442 ; oety- 
cedrus, 442 , Sabma, *442 

Kjrameria triandra, 559 

Lactuca virosa, *598, 599 
Laminaria digitata, forma Cloustom, *329, 
334 

Lappa major, *595 ; vulgans, 599 
Larix europaea, 441, 442 ; sibirica, 442 
Lanrns nobilis, 517 
Lavandula vera, 587 
Levisticum officinale, 550 
Linum usitatissimum, *533 
Liqmdambar styraciflua, 552 
Lycopodium clavatum, 416, *417, 418 

Mallotus philippinensis, 543 
Malva silvestns, *530, 531 ; vulgaris, 531 
Maranta aiundmacea, 487 
Matricaria Chamomilla, *595, 599 
Melilotus altissimus, 562 ; officinalis, 562 
Melissa officinalis, *586, 587 
Mentha cnspa, 587 , piperita, 587 
Menyanthes trifoliata, 575 
Morus nigra, 502 

Mynstica fragrans 515 , moschata, *516 

Nicotian a Tabacum, *579, *580, 582 

Olea europaea, *572, 574 
Ononis spmosa, 562 
Orchis, *487, *488, *489, 490 
Origanum vulgare, 587 

Palaquigm, 569 
Papaver sommferum, *521, 522 
Physostigina venenosum, 562 
Pieraena excelsa, 535 
Pilocarpus pennatifolius, 535 
Pimpinella Amsum, *546, 550 ; magna, 
550 , Saxifraga, 550 

Pmus australis, 442, Laricio,442; Pinaster, 
442 , Pumilio, *434, 443 , silvestns, 
*434, *435, *441, 442 , Taeda, 442 
Piper Cubeba, *504 


Pistacia Lenticus, 535 
Podophyllum peltatum, 516 
Polygala Senega, *533, 534 
Polyporus fomentarms, 370, 373 
Prunus Amygdalns, 556 ; domestiea, 556 , 
Laurocerasus, 556 
Pterocarpus santalmiis, 562 
Pnmca Granatum, 564 

Quassia amara, 535 

Quercus peduneulata, *495, *496 , lusi- 
tamca var. mfectona, 499 

Rheum officinale, *505, *506 , palma- 
tum var. tanguticum, 506 
Ribes rubrum, 552 
Ricinus communis, *542, 543 
Rhamnus Prangula, *538, 539 ; cathar- 
tica, 539 , Purshiana, 539 
Rosa centifolia, 556 ; damascena, 556 
Rosmarinus officinalis, 587 
Rubus idaeus, 556 

Sabadilla officinarum, 468 

Sacchamm officinarum, *481, 482 

Salix alba, 494, 495 

Salvia officinalis, 587 

Sambucus canadensis, 590 ; nigra, 590 

Santalum album, 566 

Sassafras officinale, 517 

Secale cornntum, *87, *357, 358 

Smilax, 468 

Solanuin Dulcamara, 582 
Spilanthes oleracea, *87, *357, 358 
Strophanthus, 575 
Strychnos nux vomica, 574 
Styrax Benzoin, 569 

Tamarindus indica, *558, 559 
Taraxacum officinalis, *597, 599 
Thea clnnensis, *524, 525 
Theobroma Cacao, *529 
Thymus Serpyllum, 587 ; vulgaris, 587 
Tilia gr audit oil a, 528 , parvifolia, *528 
Toluiiera Balsamum, 562 , Perenae, 562 
Triticum vulgare, *480-482 
Tussilago Farfara, 599 

Uncaria Gambir, 589 
Urgmea mantima, 468 

Valeriana dioica, 591 , officmalis, *5£1 
Vanilla plamfolia, *489, 490 
Veratrum album, 468 
Verbascum phlomoides, 583 , thapsiforme, 
*583 

Viola tricolor, *523, 524 
Vitis vimfera, *538 

Zingiber officinale, *485, 486 



LIST OF POISONOUS PLANTS 
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AconctumNapellus, *448, *511, *512**514 
Lycoctouum, *512-514 
Stoei ckeanum, 514 
vanegatum, 514 
Adonis vernalis, 514 
Aethusa Cynapium, *549, 550 
Agrostemma Githago, *509 
Amanita muscam, ‘372, 373 
pantherma, 373 
Anagallis aivensis, *570, 571 
coerulea, 571 

Anemone Pulsatilla, *513, 514 
lieraoiosa, 514 

Arum mauulatum, *173, *474 
Atiopa Belladonna, *580, 582 
Azalea, 568 

Berula anuustifolia, 550 
Boletus Satanas, 370, ‘371 
Bryonia alba, 594 
dioica, *593, 594 
Buxu.s sempervirens, 539 

Calla palustris, 474 
Caltlia palustris, *512, 514 
Cicuta virosa, *547, 550 
Glaviceps purpurea, 87, *357, 358 
ClemaHis, 514 

Colclucuin autunmale, *467 
Comuiti niaeulatum, *516, *548, 550 
Couvallana majalis, 468 
Coromlla vana, *560, 562 
Cyclamen europaeum, *570, 571 
C^tihUs alpinus, 562 
billorus, 562 
Laburnum, *561, 562 
purpui'eus, 562 
Weldim, 562 

Daphne Cneorum, 539 
Laureola, 539 
Mezereum, *539 
striata, 539 


Datura Stramonium, *581, 582 
Delphinium Staphysagria, 514 
Digitalis purpurea, *583, 584 

Ergot, 87. 357, 358 
Euphorbia cypanssias, *541, 543 
Evonymus europaea, *538 

FRITILLARrA ihperialis, 468 

GtRAtiola officinalis, 583 

Hedera Helix, *545 
Helleborus foetidus, *512, 514 
niger, 514 
viridis, 514 
Helvella suspecta, 860 
Hippomane Mancmella, 543 
Hyoscyamus mger, *447, *581, 582 

Illicium anisatum, 515 , religiosum, 
515 

Juniperus Sabina, *442 

Lactarius torminosus, 373 
Lactuca virosa, *598, 599 
Ledum palustre, 568 
Lolium limcola, 482 
temulentum, 481, *482 

Merourialis annoa, 4 543 
Mushrooms, 371-373 

Nerium Oleander, *574, 575 
Nicotiana Tabacum, *579, *580, 582 

Oenanthe, 550 

Papaver somniferum, *521, 522 
Paris quadrifolia, *467, 468 
Prunus Laurocerasus, 555 
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Ranunculus ager, **511 
aens, 514 

sceleratus, *513, 514 
Rhododendron, 568 
Ricmus communis, *542, 543 
Russula emetica, 373 
Ruta graveolens, *534, 535 

Saponaria officinalis, 509 
Scleroderma vulgare, *373 
Secale cornutum, *87, *357, 358 
Siam latifokuni, *548, 550 


Solanum Dulcamara, 582 
nigrum, 582 
tuberosum, *24, 582 
Strychnos, 574 

Taxus baccata, *443, *444 
Tulipa, 468 

Yeratrum album, 468 j 
Vincetoxicum officinale, *576 
Viscum album, *17, *566, 567 

Wistaria sinensis, 562 



INDEX 


(Asterisks denote Illustrations.) 


Am&>, 439 ; alha, *U0, 442 
Abietouieae 439 

Absorptive power of soil, 176, 1S3 
Absyntlun, 206 

Acacia,* 557, 55S , plijllodes, 36 , pyeaau- 
tha, *46 , Sf)ht(eroe<phalt(, 213, * 214 
Acanthuceae , 5S5 
Acanihonhcjt , loot-tlioi ns, 43 
Acauleseent plants, 2S 
Accessory fructifications, 343 
Acer , *536, 537 
Accracea, 536, 537 
* I retab if la/ ia , *328 
Aeliene, 460 

Achillea, 448, 598, 599 
Arhlya, '346 

Acid fiom roots, on marble, 1S3, 184 
Aeomtm, 206 

Acnmtum, *448, 511, *512-514 
Acnrus, *474, 475; etliereal oils, 73, 
root, * 105 
Ar/cisieae, 305 

Aciuctmuu, germinal pore, 294 
Acrogynous Jungen mcinmarear, 390 
Acropetal development, 12, 225 
Actuea, 511 

Aetmomorpluc plants, 16, 453 
AcyeliS floweis, 451 
Arfunsonm, 239 

Adder’s Tongue Fern, Ophioylossum 
Admits, 511, 514 

Adventitious slioots, 20, 225 ; roots, 41 , 
buds, 144 , bulbs, 278 , germs, 278, 
*279, *457 

JEeidiosporos, 364, 365 
JEndivm, *364, 365, 367 ; pathological 
effects of, 155 
Aeiatmg roots, 43 
Aeiobionts, 213 

Aeiotiopism, 263 , pollen gram, 281 
jEsculin, 74, 205 

Aescitlu^ 537 ; bud-scales, 33 , glandular 
colleters, 100 


iEstiv ation, 37, 446 
A e thulium, 304 
Aetkusa, * 549, 550 
After-effects, 238, 256 
Agar-agai, 337 
Agancineae , 371 

Agai icus, liypha, " 60 , phosphorescence, 
223 

Agathts , 439, 442 
Agave , 185, 204 , stem, 2S 
Aggregatae , 594 
Agnmoma , 554 
Agropyrum repens, 482 
Agiostemma, * s 509 
Agiostideae , 480 
Air stomata, 95, *190 

m intercellular spaces, 87, *108, 221 
Aiva, 480 
Aizoaceae , 509 
Ajuga , 5S7 
Alarm, 334 

Albuminates of tlie protoplasm, 54 
Albuminous substances, formation of, 201 
Alburnum, 124 
Alehemilla, '"451, *553, 554 
Alcoholic fermentation, 211, 212 
Alder, Alnus 

Aleurone, 70, *71 ; a reserve material, 205 
Alexme, 212 

Algae , Green, 318 , forms of, 11 ; chloio- 
phyll bodies, 57 ; albumen crystals, 

71 , apical cells, 148 ; symbiosis with 
lichens and animals, 213 ; phosphor- 
escence, 223 

Red, Rhodophyceae 
Algal Fungi, 341, 343 
AUsrna, 483 , plantago , shoot of, *457 
Alismaceae, 482 
Alkaloids, 54, 74, 206 
Allantom, 203 

All turn, 466, 467 , bud, 17 , fats and oils, 

72 ; Ceptt, adventitious loot of, * 110 , 
rotation of ovanes, 258 
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Almond, Primus Amygdalus 
Alnus , 496, *497 ; attacked by JZxoctscus , 
352 

Aloe socotrma , *468 ; oils, 72 
rngi icans, *94 
Alom, 206 
Alopecurus , 480 
Alpine Violet, Cyclamen 
Aljpima , 486 
Alsage Orange, Madura 
Alsinoideae , 508 
Alsophila , 400, *404 
Alstroemeiiae , 258 
Alternation of generations, 44, 289 
Althaea, *530, 531 
Aluminium m plants, 172, 175 
Alyssum, 519 
Amanita, 369, *372, 373 
Amarantaceae , 507 , thickening, 137 
Amaiantus, 507 , bundles, 117 
Anuuylhdaceae , , 468 
Amber, 88 
Ambiosieae, 598 
Amel corn, Ti iticum chcoccum 
Amentaceae , 492 
Amzem, *271 
Amide, 54, 203 
Amitotic division, 62 
Ammonia, 53, 173 
Ammoniaeum, 550 

Amoebae , 213 , symbiosis with algae, 176 

Amoeboid movements, 52, 242 

Amonphophallus , 474 

Ampelops%s, *26, 249, *267, 538 

Amphibious plants, 236 

Ampbigastnum, *389 

Amygdalae , 228, 556 

Amygdalm, 74, 205 

Amylodextnn, 70 

Amyloid, 70, 81 

Amylum centres, *59, 71 

Amylum tntici , 482 ; marantae , 487 

Anabaena, 213, 308, 408 

Anacardiaceae, 535 

Anacrogynous Jungennanmaceae , 389 

Anacydus , 599 

Anaerobionts, 213, 220 

Anagalhs , *570, 571 

Anana&sa , 470 

Anaphases, 62 

Anapty chia, ■* 380 

Anatomy, 10, 47 

Anatropous ovule, *430, 431 

Atidira Araroba, 562 

Andreaea, 394, *395 

Andreaeaceae, 394 

Andrcecium, *428, 447, *448 

Andumieda, 568 

Andiopogon, 4S1 

Andropogoneae , 480 

Androsace, 571 


^4 neima, * 404 

Anemone, 511 -*513, 514 , fungus on, 
359, 367 

Anemophilous plants, 282 
Anethum, 550 
Aneura , 148 
Angelica, 549 
Angioptems, 404 

Angiospermae , 444 ; fertilisation, '"67, 

454 , bundles, 103 ; floial leaves, 114 
Angrecum globulosum , 43 
Amlm sulphate, 80 

Animals, agents for dissemination of seeds, 
292 

Anise, JUiciinn 

Anisotropy, 250 

Annual rings, *123, *126, 4 130 

Annuals, 27 

Annidama, 415 

Annulus, mferus and 371 , of 

sporangia, 248, 402 
Anonaceae, 515 
A ntennana, 598 
Anthda , 461 
Anthemideae , 598 
Anthemis, 598, 599 
Anther, *447 

Anthendia, 319 ; of the Bryophyta , *381 , 
of the Perns, J 405 
Anthesis, 446 
Anthoceros , ' 389 
Anthoce/ otaceae, 384, 388 
Anthocyamn, 74 
Antho.utnthum, 4S0 
z,$C24,s, 549, 550 
Anthyllis , 561 
Anticlinal walls, 149 
Antimony m plants, 172 
Antipodal cells, 454 
nti) rhmoideae , 582 
AntimJunum , 248, 583 
Antitoxme, 212 
Ant plants, 213, *214 
Apex, 147 
Apium , 550 
Aplanogametes, 326 
Apocarpous gyncecium, 448 
Apocynaceae, 83, 575 
Apogamy, 279 
Apophysis, 392 
Apospory, 291 
Apothecium, 351, 359 
Apple, Pirus malus 
Apposition, growth by, 79, 231 
Apricot, Prunus armemaca 
Aquifohaceae , 537 
Aquilegia, 511 
Arab%$, 519 

Araceae, 473 ; roots, 43 ; velamen, 100 , 
ldioblasts, *108 , heat by respiration, 
221 
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Aiaclus, 561 ; germination, 293 
Amliaceae , 545 
Ai alias, bundles, 119 
A rauccu ict, 124, 132, 438, 440 
Araucanoideae , 439 
Arbor Vitae, Thu jus 
Aibutoideae, 568 
Archccngelica , 549, 550 
Arckegoniatae , 381, 383 
Arcliegomum, of the Biyophyta, 381, 
*382 , of Polypodium , 405, *406 , 
of the Gymnosper mae, 435 
Aictostajjhylosi 568, *569 
Arcyiut, *304 
Aidisia , 571 
473 

508 

At ilia s, 432 

A/ibtolothui , "490, 566 , stem, 109, *121, 
*123 

Anstolocluaceae, 566 
Annena, *571, 572 
Annillarui , 369, 372 
Arnica , 596-599 
Ai row-grass, Tnglochm 
-head, Sag d tana 
-root, 4S7 
-wood, 

Arsenic m plants, 172 
598, 599 

Arthrospoious buetena, 309 
Aitichoke, Cynam scolymus 

Jeiusalem, lldianthus tubeiosus 
Artoia) jars, 502 
A) urn, "473, *474 
Asafoctida, 550 
Asaiabaeca, Amu inn 
Asa) am, ’565, 566 
Asclepiadaceae, S3, 576 
Ascii*] nos, 4 575, 576 
378 

-lsrowij/fWfw, 213, 342, 351, 375 , cells, 65 
A.s<^,s, 342, "351 
Asexual geneiation, 384 
introduction, 275 
spores, 311 
Ash, 334 

Aspaiagm, 74 , protoplasm, 54 , bleeding, 
185 , trom carbohydrates, 202 
A npat agtu 1 1 cue , 46 6 

Mpa/agas, 466, 467 , rust fungus of, 366 
Aspergillus glavcus , 5t 353 , fumigatus , 

212 

ala, *588, 589 

Asjmlinm, 291, *397, 400, ‘401, 406 
Aspulospernia, 575 

Asplenmm, 195, 227 , scale-hams, *98 , 
buds, 279 
Assimilation, 195 
starch, 68 
Aster, 598 


Asteieae , 598 
Aster ophylhtes, 415 

Astragalus , 561, 562 , gum, 81 , pilostyles, 
209 

Astrantia , 546 
Asymmetrical floweis, 453 
Atavism, 154, 277 
Atkynum . , 279, 291 
Atmospheric pressure, 1 87 
Atnpleco , 507 
Ahapa, *580, 582 
Atiopiu, 206 

Atroyous ovule, *430, 431 
Attraction spheres, *48 
Attractive apparatus, 283 
Aurantieae , receptacles, 88 
Anriculama, 111, 368 
Aunculaneae, 363, 368 
Autobasidiomycetes, 363 
Autcecious Uredmeae, 366 
Autonomic movements, 248, 270 
Autumn wood, 123 
Auxanometei, 232, 233 
Auxospores, 313, *314 
Arena, 480, 481 , starch, *69 
Aveneae , 480 
Axial wood, 138 
Axillary shoots, 19 

Axis, 21 , of a shoot, 28 , of a flower, 
450 ; of attractive apparatus, 283 
Azalea , 568 

Azolla , , 213, 407, 408, 411 
Azmella , 547 
Azygospores, 348 

Bacillus , 210, *309, *311, *312 
Bacteria, 210, 305, 308, 309; nitrogen, 
173 , iron and sulphur, 220 , phos- 
phorescent, 223 
Bactenoids, 210 
Bade) mm termo , 309, 311 
BalanopJioi aceue, 566 ; reduction of leaves, 
26 

Balm, common, Melissa 
Balsam, 533, 559, 562, see Impatiens 
of Tolu, 562 
of Peru, 562 
Balsaminaceae , 533 
Bamboo, Tabasheer, 175 
Bambuseae , 480 
Banana, Musa 

Banyan, Ficus bengalensis, indieus 

Baiba) ea, 519 

Barberry, Berber is 

Barium m plants, 172 

Baik, 141 

Barley, Houlemn 

Base, 147 

Base-i ocket, Besseda lutea 
Basidia, 342, *363 
I Basidiomycetes, 342, 362, 363, 375 
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Basswood, Tiha 

Bast, 121, 133, *134, J 137, *13S 
Bastards, see Hybridisation 
Bastard toad -flax, Thesmm haophyllum 
Bah achospenmm * , 334 -*33 6 
Bearberry, Arctostaphylos 
Bearded Darnel, Lolivm tenuleiitvm 
Beard Lichen, Usnea, bavbata 
Bear’s-foot, Helleboms foetal a s 
Bedstraw, Galium 
Beech, Fagus 

Beer-yeast, Saccha» omycetes 
Beet, Beta 

Beggiatoa, 310 ; sulphur, 73 
Begonia 9 525, roots, 41, bundles, 119, 
multiplication, 228 
scctndens , 254 
Begomaceae, 525 
Belladonna, 582 
Bell-flower, Campanula 
Benzoinum, 569 
Berbendaceae , 516 

Betbens , *516 , leaves* of, 36 ; attacked 
by rust fungus, 366 
Berry, structure of, 460 
Bet thoUetia, 73 
j Benda, 550 
Beta , 235, *507 
Betam, 203 
Betonv, Stachys 

Bet nla, 496, *497, 498 , bark, 141 , 
lenticels, 142 
Betulouleae , 496 
Bicollateral bundles, 104 
Bicomes , 568 
Biennials, 27 
Bifont , 547 

Bifurcation, 17-20, *148 

Bignoaia, stem, *138 , seed, *291 

Bignomaceae 9 585 , thickening, *4 38 

Bilateral plants, 17 

Biota , 46 

Birch, j Bet ula 

Birthwort, Aristolochia 

Bisymmetncal plants, 16 

Bitter principles, 74, 206 

Bitter-sweet, Solamim Dulcet min a 

Blackbeny, Rub vs 

Black Henbane, Hyoscyctmu* 

Bladder-plums, Mxoascus 

Bladderwort, Utnculana 

Blctsia , 390 , development, *14 

Blechnum, 429 

Bleeding, 185, 187 

Blitnm , 507 

Bloodworts, Haem odor a cea e 
Blumenbachia , climbing, 261 
Bolitus, 369-*371 , tissue, *'87 
Bombacaoeae , 581 

B&raginaceae , 577 , rust fungi on, 367 
Bo* ago, *578 


Box on in plants, 172 
Bostryx, 461, *462 
Botrychnim , , 404, *405 
Bohydium, 325, *326 
Botryose inflorescence, 460, *461 
Buhytis , 358 
Bouncing Bet, Saponcmtt 
Bovista , 374 
Box, Buxits 

Blacken, Ptens aquihna 
Bracteal leaves, 29-33 
Bracts, 33, 462 
Brake, see Bracken 
Branch stems, 17 
Brand fungi, Hetmbasulu 
spores, 360 
Brasilm, 125 
Brassica, 189, 305, 519 
Brazil wood, Caesalp'inui 
Bread-ti ee, A 7 toca r tpus 
Bristles, 97 
Brim , 480 

Bromehaceae , 470 , aerial loots, 43 , water 
reservoirs, 194 
Bromine m plants, 172 
Bromus , 480 
Broom, 0) obanche 

Scotch, Spat'tnim scopariuvi 
Brucm, 206 
Bryiaae, 145, 392 
Bnjnnia , *593, 594 
Bnjophyta , 14, 3 SI 
B'rytpsis, 328 , thallus, 227 
Buckbean, Menyantlte* 

Buckthorn, Rheniums 
Buckwheat, Fagopynnn 
Bud, *18, 21 
variations, 154 
Budding, 229, 27S 
Bugle, Ajuga 
Bulbils, 22, 278, 279 
Bttlbothuefe , 324, *325 
Bulbas, 23 
Scillae, 46 S 

Bundles, primal y vascular, 101 , conduct- 
ing, 101 , collateral, 103 , concentric, 
104 ; termination of vascular, 106, 
*107 , flanges, 114 , course of vascular, 
116 ; common, cauline, and foliar, 118 
Buplemum , 546, 549 , leaf, 30 
Burdock, Lappa 
Burmanmateae , 490 
Burrs, formation of, 144 
j Burseroceae, 535 
Bush-Hone;* suckle, Wetgeha 
Butomus , 483 

Butter-bur, Petasttes nmlgat is 
Buttercup, Ranunculus 
Butterwort, Pmgvicula 
Buxaceae , 539 
Buxus, 539 
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Cacao, 529 

-tree, Theohroma Cacao 
Cactacecce , 526 ; swollen stems, 25, 194 , 
growth, 235 
Cactus, Cactaceae 
Caesalpinaceae , 55 S 
Caesatpvna, 125, 559 
Cabbie , 519 
Calabar beans, 562 
Calamagiostis* 480 
Calamanco e* 415 , thickening, 120 
Calamites, 415 
Calamus , 473 

Calcium m plants, 172, 173 
carbonate, 81, 95 
malate, S3 

oxalate cijstals, 71, / 2, 10S 
Calendula i, 598 
Calenduteae , 598 
Gallo, 474 

Lily, Richatdut 
Qalhtfuunmon * , 334, *336 
Calldnehateae , 544 
Callose, 80 

Gall una , *568 , pollen-grams ’430 
Callus, 144, 228 

-plates, 84, JC 85, 4 S6 
Calontiopism, 263 
Caltha, 511, *512, 514 
Calycanfhaceae . , 515 
Cal y cent aw* 5 9 5 
Calycifloute* 448 
Cahj pint) 3 5, 41, 392 
Calyptiogen, 151 
Calif st eg in , 577 
Calyx, 446, *448, *451 
Cambium, 105, 120-125, * 122 
Cam el m a* 519 
Camellia* 525 
Campanula* K 592 
Qampanulacme* 592 
591 

Cam peachy wood, llacmatoxyhni 
Camphoi, 73, 517 
Campion, Lychnis 
Oampyiospermeae* 549 
Campylotropous ovule, *430, 431 
Cananum , 535 
Candytuft, 1 hen's 
Oane-sugai, 74 

(Jtmna, *486 , seed, 294 , starch, 69 

Gamncthinuceae , 502 

Cannabis* *501-503 

Cannaccae , 486 

Cantharellus , 372 

Caoutchouc, 73, 206, 502, 543 

Capillarity, 187 

Capilhtmm, 248, 303, 304 ; of the Myuo~ 
mycetes* 2 48, 293 ; of the Gastero - 
mycetes, 374 
Capitulum* 339, *461 

3 


Capparidaceae , 520 
Cappans , *520 
Capnfohaceae 9 589 

Capsella* 519 , bud *432 ; embryo, *456 

Capsicum* 581, 582 

Capsule, 392, *459 

Caraway, Carum 

Carbohydrate, 199, 201, 220 

Carbon, 171-173 ; absorbed, 195 

Cardamme* 519 

Cardamom, 486 

Cardinal points, 163, 234 

Carduus , 598 

dm ex, *477, 478 

Canca , peptoiusmg ferments, 83, 206, 525 

Qancaceae* 525 

Cancoideae , 478 

Carmal canals, *412 

Carnivorous plants, *215, *216 

Carob tree, Ceratoma 

Ca? oph yllctceae* attacked by JJstilago , 361 

Carotin, 57, *58, 59 

Carpels, 427 

Carpmus, 496, *497 , cutting, *45, 46, 
*182 ; abnormal growths, 352 
Carpoasci , 351 
Carpogon, 336 
Carpophore, 547 
Carpospores, 337 
Carragheen, 337 
Carrion flowers, 284 
Carrot, Daueus 
Carum* *546, 549, 550 
Caruncle, *540 
Caiyophyllaceae , *507 
Garyophylh* 565 
Caryopsis, 460 
Caryota , *471 
Cassava, Manihot 
Cassia* *557, 559 
Gassy tha, 517 
Castanea , 257, 496 
Castor-oil, 543 
plant, Ricmus 
Casuarmaceae , 492, 499 
Catechu, 558, 589 
Catkin, 461 
Cat-mmt, Nepeta 
Caucahs, 549 
Caudiele, 488 

Cauleipa* 327, *328 , phylogeny of, 145 
organs, 225 ; movement, 241 
Caules Dulcamarae, 582 
Cecidia, 155 
Cecidomyia , 155 
Cecropia , 213 

Cedar of Lebanon, Cedrus Libam 
Cedrus , 442 

Celandine, Chehdonmm 
Celastraceae , 537 
Celery, Apmm graveolens 
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Cell, 47-50 ; nucleus, 55 , multmuclear, 
59 , division, 63 , formation, 65, *66, 
*67 , budding, 66 ; sap, 73 , wall, 
75-83 ; fusion, 83-86 , companion, 
102, 133 ; transition, 107 ; medullary 
rays, 135 , complementary, 142 , 
filaments, surfaces, and masses, 147 , 
apical, 148 ; multiplication, 278 
Cell-plasm, see Cytoplasm 
Cellular plants, 147 
Cellulose, 79, 203 
Celt is . , 500 

Centaur ea 9 596-598 ; flower, *274 
Centaury, Et ythi aea 
Central body, 306 
cylinder, *109, 110 
Centranthus , 591 
Centrolepidaceae 9 470 
Centrosome, 56 
Centrospeimae , 506 
Centrospheres, *48, *56, *61, r 67 
CepJmehs , 589 
Cephalanthera , 489 
Cephalotus , 216 
Gera&tium, 508 
Cer atiomyxa, 303 
Ceratonia , 81 
Ceratoph yllaceac, 515 
Ceratophyllum , 515 ; lootless, 44 
CerciSy 559 

Ceropegia , latex tubes, *82, 83 
Ceroxylon, wax, 91 
Cet/ana , 378, *379-381 
Chaer ophyllum, 549 
Chaetoclaclmm , 349 
Ghalara , 350 
Chalam , , *430, 431 
Chalazogamy, 492 
Chamaerops , 472 
Chamomile, Anthemis, 599 
Wild, Matricaria 

Ohara, *338, *339, 340 , spermatozoid, 
*67 

crimta, parthenogenesis, 68, 280 
Characeae , 319, 337 , circulation of proto- 
plasm, 53, 245 ; nuclear division, 
62 

Cheiranthus , 519 ; hairs, *97 
Chehdomum, 521 , sap, 84 
Chemotactic movements, 243, 281 
Chemotropism, 263, 281 
Chenopodiaceae , 507 ; thickening, 137 
Chenopoditim , *507 
Cherry, wild, Pr unus avium 

dwarf (Morello), Primus cerastes 
gum, 89 

Laurel, Primus Zaitrocerasus 
Chervil, Chaerophyllmn 

Garden, Anthnscus cerepohum 
Chestnut, Casianea 
duckweed, Cer ostium 


Chicoiy, C ichor ta Intybus 
Chitm, 80 

Chives, Allium schoenoprasum 
Chlamydospores, 343 , of the Protomyces , 
349 , of the Brand Fungi, 360 , of the 
Utedmeae 9 363 
Chlout 9 573 

Ohlorella , symbiosis, 320 
Qhlondeae , 480 
Chlorine m plants, 172, 175 
Chloroiodide of zme, 79 
Chlorophyceae, 315, 317, 319, 375 
Chlorophyll, *57, 198 
giams, 57, *58, 115, 196, 197, *246 
Chlorophytum , 252 
Chloroplasts, 56, 57, 68, 246 
Chlorotic, 174 
Choanephoia , 349 
Chocolate, see Cacao 
Choiromyces , 355 

Ghondnoderma , 50, *51, 303, 305 

Chondrus , *334, 337 

Qkor eocolax, 837 

Chonpetalae, 446, 491 

Chonsepalous, 446 

Christmas Bose, Hellebotus mget 

Chromatin, 54, 56 

Chromatophores, *48, 57, *58, *59 ; m 
cells, *67 , m epidermis, 92 
Chiomium in plants, 172 
Chromoplasts, 56, *59 
Chromosomes, 60, *61 
Qh/oococcaceae, 306, 376 
Chroococcus , 306, 376 
Olvcoolepideae, 322 
CJnoolepus 9 322 
Chrysanthemum, 597, 598 
Chrysaiobmuvi, 562 
Chrysobalauoideae, 555 
Ghytndieae , 346 
Cichomum , 349, 598 
Oicuta, *547, 549, 550 
Cilia, 52, 1 67, 242, 303 
Cihata , 213 
Cinchona , *589 
Cmcmnus, 461, *462 

Cinnamovium, *516, 517 ; ethereal oil, 73 
Cinnamon, 517 
Circaea , 563 

Circulation of the protoplasm, 52, Vdd 

Circumnutations, 249 

Cirsium , 598 

Cissus , 538 

Cistaceae, 522 

Oisiiflorae 9 522 

Citric acid, 205 

Citron, Citrus rnedica 

Citrullus , 594 

Citrus, 534, *535 , receptacles, 88 
Cladodes, 24, *25, 29 
Cladoma , *379, *380, 381 
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Gladophoia,* 324, formation, *12 , multi- 
nuclear, *59, 60 , cells, *64 , swarm- 
spores, *324 

Cladosteph us, 329, *331 ; formation, *12, 
13, 148 

Clctdothnx *310 
Clavctnct , *370 
Qlaianeae , 370 

Claviceps , 3e, 357, 358 , tissue, £ 87 

Clea'veis, Galium 

Olett leaves, 30 

CleiUocarpae, 394 

Clematis, 511, 514 ; pitli cells, *75 

Climbing roots, 42 

Closing membiane, 76 

Qlostenum, *317 

Clover, Tn/ohum 

Cloves, 565 

Club Mosses, Lycopodmae 
Clusiaceae, 524 
C incus 598, 599 
Cohaea , 266, 577 , seed, 293 
Cobalt m plants, 172 
Cocaine, 206, 533 
Cocci , 309 
Cocconema, ’*314 
Cochlea? ia, 519, 520 
Oocklebui, Xanthnun 
Cocoa, Cocos 
-butter, 529 
-nut, Out os iiucifeia 
Cocos, *471, "472, 473 
Cocas lap idea, gennmal spores, 294 
Codein, 206 
Cod i urn, 328 

Codebogy ne , 457 , adventitious shoots, 279 
(Jodospermeae, 549 
Ccenobia, 322 

Cojfeit, *58S, 589 ; attacked by llemileia, 
367 

Coffeinum, 206, 589 
(Jofeouleae 5S9 

Colchicum , 466, *467, 468 ; tuber, 23 
Coleospo? atm, 367 
(Jollema, 376 

(Jolle)ivhyma, *7S, 108, 111, 327 , develop- 
ment of, *170, 237, 266 
Colleters, 100 
Colocasku 193 
Colophomum, 443 

Colouring matter, 48, 74, 92, 187, 206 
CoT-sfoot, Tussdago 
Columbine, Aqudegia 
Columella, 2Iyxomycetes 
Bry opli> tes, 384, 392, 393 
Colitmnifetae , 527 
Colza, Biassica Rapa (olcifeta) 

Co??iarum, *553 
Comtrey, Symphytum 
Commelmaeeae , 470 
Commiphora, 535 


Companion cells, 102, 133 
Compass plants; 254 

Compositae , *595, 596 , mulm, 74 , 

succulent stems, 194 ; stammallea\es, 
*274 , attacked by Qoleospoi turn, 367 
Compound leaf, 30 
Conceptacles, 332 
Cone, vegetative, *18 
Confemoideae , 322 
Confocal parabolas, 150 
Congo red, 80 

Qomdia , 342, 350 , fructification, f 356 
Comdiophores, 342, *353, *356 
Coni ferae, 438, *439, *440, *441, *442 , 
foliage, 29 ; roots, 41 , young plants, 
47 , sieve-plates, 84 , resin-ducts, 88, 
125, *126 ; bast, 132 ; cypress-like, 
194, mycorrhiza, 210; geimmation, 
294 

Coniferm, 74, 205 , wood, 80 
Comin, 206 

Comum, *546, *548-550 
Coujugatae, 281, 315, 317, 319 
Conjugation, 315, 316 
Connate leaves, 30 
Connective, *447 
Consortium, of lichens, 375 
Constituents of plant body, 171 
Contact stimuli, 264 

Continuity of embryonic substance, 237, 
240 

Contortae, 572 
Contorted leaves, 37 
Contractile vacuole, 50 
Convallaria , 466, 468 
Convolvulaceae, 577 
Convolvulus , *577 , coils, 261 
Co-operation of living cells, 188 
Copaifera, 559 
Copper m plants, 172 
Copunus, 369 
Cora, 377, 380, *381 
Corallm, 80 
Coialhna , 337 
Chnallmaceae, 335 

Coralho? ?kiza> , 489 , rhizome, 23 ; rootless, 
43 , saprophytic, 210 
Coid%a, 214 
Coidiaceae , 578 
Cordyceps , 358 
Qordyhne, *139 
Co/iandium , *546, 549, 550 
Cork, *48, *139, 140, 144 
oak, Qicercus siiber 
Cormophytes, 14, 44, 59 
Cormns, 14 

Corn, *69-*71, 201 ; laid, 262 ; showei 
of, 278 

Cornaceae , 544, 545 
Corn-cockle, Ag? ostemma 
Cornel, Cornus 
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Cor am, 238, *544, 545 
Corolla, 446, *448, *451 
Correlation of growth, 226 
Cortex, 109 ; Cascarillae, 543 ; Cmchonae, 
589 ; Cinnamomi, 517 ; Condurango, 
576 ; Frangulae, 539 , Fructus Aui- 
antu, 535 ; Granati, 564 , Limonis, 
535 ; Quercus, 49S , Quillajae, 556 , 
Quebracho, 575 , Rhamni Purshianae, 
539 ; Salicis, 495 

Cortical rays, 135 ; layers of hyphae, 377 , 
pores, see Lenticels 
Corydahs , *520 
Corylus , 496, *497 
Corymb, 461 
Cosmarium , *317 
Cotton, 531 

-plant, Gossypi ma 

Cotyledons, *45, 46, 295, *456, * 457 

Cowslip, Primula 

Cow-wheat, Melampyrxun 

Crambe , 519 

Cranesbill, Geranium 

Giassula , 551 

Ciossulaceae , 550 

Crataegus, 554, 555 , thorns, 26 ; colour- 
ing matter, 58 , leaves, 190, *191 
Crenate leaves, 30 
0/ enothi ix, 311 
Crepis, 598 

Cress, Bitter, Gar damme ; Garden, Lepid- 
ium, sativum , Indian, Nasturtium , 
Penny, Thlaspi , Bock, Arctbis , 
Water, Nasturtium officinale , Wintei, 
Barbarea 
Cnbiaria , *304 
Gtocus , 469, 470 ; tuber, 23 
Ctonaritum , 367 
Ctoton , 543 

Crowberry, Black, Empetruvi nigj um 
Crowfoot, Ranunculus 
Crown Imperial, Cucwnis sativus 
Crucibulum , *374 

Qrumferae , *518 , mucilage, 81, 293 

Cryptogams, 300, 301 , vascular, 397 

Cryptospores, *356 

Cabeba , 504 

Cucumber, Cucuvns 

Cucwnis , 594 

Cucurbita , *592, 594 , sieve-tubes, *85 , 
light, 235 , rupture of seed -coverings, 
295 , pollen-grams, *79, *430 
Cucurbitaceae, 593 , bundles, 104 , ten- 
drils, *266 

Cudweed, Gnaplialinm 

Cuphea, seed, 293 

Cupressoideae , 132, 440 

Cupressus, 438, 440 

Cupuliferae , 495 , Mycorrhiza , 210 

Curare , 574 

Curcuma Zedoaria , , 486 


Currant, Ribes 

Curvature, 242, 246 , growth-, 248 ; of 
grass-haulms, 262 

Cu scuta, *208, 577 , reduction m leaves, 
25 ; roots, 41, 43 ; haustona, 225 , 
movement, 241 ; tendrils, 267 
Cuticle, 90, 92 
Cutm, 80 
Cutmisation, 80 
Cutlena , 331 
Cutlenaceae, 331 
Gyanophyceae , 306, 308 
Qyathea, 400 
Cyatheaceae , 400, 404 
Cyathium , *540, 542 
Cycadaceae , 437 , thickening, 137 
Gycadmae , 213, 437 
Cycas , 308, 437 

Cyclamen , *570, 571 , stem, 28 
Cyclanthaceae , 475 
Cycle, 40 

Cyclic flowers, 451 

Cydonia , 81, 554, 555 

Cymose inflorescences, 461, v 462 

Cynara Scolymus , 598 

Cynareae , 598 

Cymps galls, 155, 499 

Cynodon , 480 

Cyperaceae , 476 , haulm 28 , sheath, 32 

Cypeius , 477, 478 

Cypress, Cupressus 

Cypnpedium , 487, 488 

Cystids, 368 

Cystocarp, 337 

Cystococcus , 377 

Cystoliths, *78 ; eallose, 80 , calcium car- 
bonate, 81 
345 

Cytisus, *561, 562 
Cytoplasm, *48, *49, 55, 87 

Dactylis, 480 

Dahlia vanabilis , 598 , tubers, 42 ; 

mulra, 74 

Dandelion, Taiaxacum 
Daphne, *539 
Darhngtoma , 216 
Date-palm, Phoenix 
Datura, 193, *581, 582 
Daucus , 547, 549 , colouring matter, 4 58, 
59 ; cane-sugar, 74 
Dead-nettle, Lamium 
Decurrent leaves, 30 
Dehiscence, 459 
Delessena , 335 

Delphinium, 511, 514 ; cotyledons, 295 ; 

fructification, 450 
Demantium, 380 
Dentate leaves, 30 
Derivative hybrids, 289 
Dermatogen, 150 
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Desmiducceue , 317 , movements, 244 
Desmodiu/n, 561 , movements, 270 
Desiccation, 179 
DeutztOi 552 

Development, periodicity of, 237 
Dextrin from starch, 70 
Dextrorse stem-climber, *261 
Diageotropism, 258 
Dialypetalous, Dialysepalous, 446 
Jhaathae , 488 
JJianthif *►, 508 

Diastase, 203 ; m the protoplasm, 54 ; in 
fungi, 212 

Dtatomcae , 312 , form, *11 , silicon, 175, 
movements, 244 
Diatomm, 313 
Diatropic movements, 251 
Jhccrttut, £21 
Jhchtmum , ^461, 462 
Dichogamy, 285 
Dichotomy, 17, 148 
Diclinous flowers, see Unisexual 
Dieotifle<lone% 490 , nei vature, 31 , bundles, 
104, 105, 111, 112, 117 
JjH'tmmncs, S8, 100, ‘101 
Dicft/nnema , 380 

JJicft/nta , 329, 334, form, 13, 14, cells, 
‘148 

l>u'tfjatat'cu4% 334 

Differentiation, 159 

Digenetic, see Sexual reproduction 

Digitalm, 205 

J>igitahs , *583, J 5S4 

Dill, Aaethiun 

Dimorphic heterostyly, r 286, 2S7 

J) m ojlagella tcu\ 315 

Dioecious plants, 285, 428 

J)ionaea , *215, 216 

J) iosco reacedCi 470 

JJit>y)jj/'uuie, 569 

Jtiospyros, 124 

biplecolobcctei 519 

Diplocaulesceiit plants, 27 

Diplostemonous, 452 

Diusacaceae, 594 

Dipsttc**^ 595 

J>ipteia^ 155 

Diptetomrpaceae , 525 

Direct division, ' ( 63 

Disc oi flower, '‘451 

J^ischulta Raffles*, ana* 195 

Dtscohchenev, 378 

J)iscomycetes , 351, 358, 378 

Dissemination oi seeds, 291 

Dissepiments, 448 

Divergence, 39 

Divided leaves, 30 

Dock, Rumec 

Dogwood, Oornus 

JJollchoSj 562 

Dmcma , 546, 550 


Dorsi ventral plants, 16, 114 , shoots, 40 , 
organs, 251, 264 , geotropism, 258* 
Diaba,) 519 

Dracaena , 466 , raplndes, *72 ; thicken- 
ing, 139 
Drimys , 128 
Dropwort, Oenantlie 

D?osera , 523 , digestive glands, *99, *215 

D/oseraceae, 523 

Drupe, 460 

Duckweed, Lemnaceae 

Duramen, 124 

Duration of life, 237, 238 

Dyer’s weed, Reseda luteola 

9 

Earth-star, Oeaster 
Echevenai 551 
Ethmni, *578 
Ectocaipas, 329, *331 
Eel-grass, Zoster a 

Egg, 66, *67, 155 , apparatus, 454, "456 ; 

cells, 290, 431, 454, *456 
Elaeagnaceae , 540 
Ehteagnus , 540 
Elaeis gmneensis , 473 
Elaphomyces, 355 
Elasticity of plants, 165 
Elaters, 248, 388 
Elatmaceae , 525 
Elatme , 525 
Eldei, Sambucus 
Elecampane, Imdct 
Electrotropism, 263 
Elenu, 535 
Elettana , *432, 486 
Elm, Uhmis 

Elodea, 245, 283, 483 ; assimilation, 200 
Elongation, phase of, 229 
Embryo, 44, 436 , bearer, see Suspensor , 
sac, *65, 281, 290, 431, *456 
Embryology, 44 

Embryonic condition, 19, 44, 224 
substance, continuity of, 237, 240 
Embryophyta zoidiogama , 398 , siphono- 
gama , 431 

Emergences, 36, 95, 99, 100 
Empetraceae , 539 
Empirical diagram, 39 
Empusa , 347 
Emulsin, 203 
Enantwblastae , 470 
Enchanter’s Nightshade, Circaea 
Endive, O ichor iuni Endivia 
Endocarp, 459 
Endocarpon , 380 
Endochrome plates, 313 
Endodermis, 109, *113 
Endogenous shoots, 20 
Endophyllum , Basidia of, *363 
Endosperm, *432, 457 ; Gymnospermous, 
437 
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Endospores of the "bacteria, 309 , of the 
fungi, 342 
Enhcdus 9 283 
Entomophily, 283 
Entomophthoi eae, 346 
Enzymes, 203 
j Vpkebe, 376 

Ephedia, 444 , cells, 65, 4 66 , vessels, 125 
Epliemeium, *395 
Epidermis, 90, *92, *93, *94, 4 115 
Epigean, 458 

Epigynous flowers, 450, *451 

Epilobium , 563 

Epimedium , 516 

Epmasty, 249, 264 

Epipactis , 489 , cell division, “63 

Epiphyllum , *526 

Epiphytes, 214 , aerial roots, 43 

Epipogon , 489 

Epithemia , “314 

Equisetmae , 400, 412 ; cuticle, 90 
Eqmsetum , *412, 413, *414, ”415 , silica, 
82, 175 ; bundles, 105, 111, *117 ; 
cells, J 149, *150 , spores, 225 
Ergot, fungus of, Clam ceps pm purect 
Etica , 568 

Encaceae , “568 ; attached by Exobasidia , 
369 , Myconhizct , 210 
E?iunae, 567 
Encoideae, 568 
Engeron, 598 
Etiocaulaceae , 470 
Euophormn , 477 

Erodmm , 532 ; gvuinum , fruit, 4 247 
Erysimum , 519 
Esck&choltzia , *521 
Ethereal oil, 73, 88, 206 
Eucalyptus, 565 , heterophylly, 31 , 
stability, 165 
Eucheuma , 337 
Eudoima, 319 
Eugenia , *564, 565 
Eumycetes , 340 
Eupatomeae , 598 
Eupatmium , 598 

Euphorbia , J 540, *541-543; succulent 
stems, ’ 195 ; swollen stems, 25 
Euphorbiaceae , 540 , resm, 73 , latex tubes, 
S3 , succulent stems, 25, 194, “195 
Eupliorbmm, 543 
Euphrasia, 210, 583 
Eurobium , *353 
Evspoiangiatae , 404 
Evening Primrose, Oenothei a 
Evei lasting Cat’s-foot, Antennana 
Ezonymus , 537, *538 , vegetative cone, 28 
Exme, in mosses, 383 ; in Ptendophytes, 
399 , m pollen grams, 430 
Mxoascus , 351, *352 
Exobasidia , *369 
Exocarp, 459 


Exodermis, 113 
Exogenous shoots, 20 
Exospores, 342 
Exotropism, 258 

Extra floral attractive apparatus, 283 
Extrorse anthers, 447 
Exudation of urater, 193 
Eyebnght, Euphrasia 

Fagoideae , 496 
Fagopynm , 506 

Fagus, *494, 496 , leaves, *115, 116 , 
wood, 124 

False-flax, Camehna satna 
Fascicular cambium, 121 
Fats, 72, 220 
Fennel, Foeniculum 

Ferments, 203, 206, 215 ; m the proto- 
plasm, 54 

Ferns, Fihces , leaves, 29, 143 , shoots, 40 , 
vessels, 85 ; epidermal cells, 91 , 
scale-hairs, *98 ; vascular bundles, 
105 ; green pigments, 198 , phos- 
phorescence, 223 , sperm at ozoids, 243 , 
apogamy, 279 , alternation of genera- 
tion, 290 

Fertilisation, 44, 281 , self and cross, 
284 , legitimate and illegitimate, 286 , 
of Phanerogams, 66, *67, 431 , ot 
G-ymnospeims, 435 , of Angiosperms, 
454, 455 
Ferula, 550 
Festuca, 194, *479 
Festuceae , 480 
Fibres, 82, 126, 127 

Fibrous cells, 126, 127, 133, 248 , trach- 
eids, 127 

Fibro-\ascular bundles, see Bundles 
Ficus , *501 , root-supports, 41 , cysto- 
lith, *77, *78, 81 , epidermis, 100 , 
tissues, 128 , stipulata , 254 , elastica , 
32 , indicus , 43 ; canca } 83, 206 , 
bengalensis , 501 
Field Madder, Sheraidia 
Fig, Ficus 

Figwort, Scrophulan a 
Filament, *447 
Fihces , 400 
Filicmae , 399, 400 
Fir, Norway, Picea excelsis 
Scotch, Finns silvestns 
Silver, Abies 
Spruce, Picea 
Fission-fungi, Schizoonycete 6 
-plants, Schizophyta 
Flagella, > 242 

Flagellar movements, see Cilia 
Flax, Lmum 
Fleabane, Engeron 
Floral leaves, 29, 33 
shoots, 26 
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Flores, Anthenndis, 599 } Armcae, 599 , 
Cmae, 599 ; Koso, 556 , Lavandulae, 
5S7 ; Malvae, 531 , Rosae, 556 , 
Sambuci, 590 ; Tiliae, 528 , Veibasci, 
583 

Floudeae , 334 

Flower, *33, 428 , arrangement of, 37, 
451 ; of the Gymnosperms, *434, 
* 435, *436, *439, *440 ; of the 
Angiosperms, 445 ; morphology of, 
445 , symmetry, 453 
Flowering plants, Fhanerogamia 
Fluoiescenee of the chlorophylls, 57, 223 
Fluorine in plants, 172 
Fly Mushroom, Amanita 
Foenievlum , ’546, 549, 550, ovary, *450 
Folds of epidermis, 92, *170 
Folia Althaeae, 531 ; Aurantu, 535 , 
Belladonnae, 582 , Coca, 533 , Digi- 
talis, 583 ; Farfarae, 599 , Jahoraiuli, 
535 , Juglandis, 499 ; Laurocerasi, 
556 , Malvae, 531 ; Melissae, 5S7 , 
Mentliae cnspae, 587 , Menthae pip- 
eritae, 587 , Rosmarnn, 587 , Salviae, 
587 ; Sennae Alexandunae, 559 , 
Sennae Tinnevelly, 534 ; Htianiomi, 
582 ; Tabaci, 582 , Taraxaci, 599 , 
Theae, 525, Trifoln fibnm, 575 ; 
Uvae Ursi, 569 

Foliage lea\es, 29, 34 , shoots, 26 
Follicle, 459 
Fnntnudis, 394 

Food, plant, constituents of, 172 

Foot of Ptendophytes, 398 

Forget-me-not, Myobofih 

Foimic acid m insectivorous plants, 215 

Formula?, floral, 454 

Fai myth la , 573 

Foxglove, Dig italic 

Fo x-Gi ape, Vitus La heusca 

Frayartu, 554 , runners, 24, 278 

Fragmentation, 62 

Fiauyulnute, 537 

Frankincense, 535 

Fnunniu s, '572-574 ; lenticels, 142 

Free cell-formation, 65 

leaves, 37 , movement, 260 
Fntillana, 468 , lea\es, 38 , nucleus, *56 
Fiog’s-bit, Ilydrochui is 
Frost, effect on foliage, 238, 240 
Quietus Anisi, 550 , Aurantu mmiatiui, 
* 535 ; Capsici, 582 , Cardamonu, 486 , 

Carvi, 550 , Conandn, 550 , Foeni- 
culi, 550 ; Juiuperi, 442 , Lauri, 517 , 
Papavens immaturi, 522 ; Rhamm 
Catliarticae, 539 , Vamllae, 490 
Fnut, 459, 460 , epidermis, 101 ; torsions, 
248, 262; Geran uiceae, 293, defini- 
tion of, 433 , Gymnosperms, 437 : 
formation of, 460 
FntUama , 389 ; watcr-sacs, 195 


Frustules, 312 
Fuccicecie , 281, 330, 334 
Fuchsia , *563 

Fucus , * 330, *331, *332, 337 
Fuhgo % 304 
Fumana , 520 
Fumamaceae , 520 

Funarut , *383, 394; leaf- cells, *56, 
chlorophyll grains, *68 
Fundamental tissue system, 107 
Fungi, 341 sqq , tissues, 86 , phylogeny, 
145 , food, 172 ; exudation, 193 , 
phosphorescence, 223 , algal, 343 , 
mould, 347 

Fuhgus, of Ergot, Clamceps pwpu/ea 
animals, Myxomyceies 
clnrurgorum, 370, 373 
Funiculus, *430 

Fnnhia , adventitious shoot, *279 , egg- 
apparatus, *456 
Fusion, cell-, 83 

Galanthus \ 469 
Galbanum , 550 
Ualegoidecie . , 561 
Galeopsis , *587 

Galium , 5S9 , stipules, 32 , heliotropic, 
*252 

Gallae, 499 
Galls, 155, 226 
Galtonia, *190 
Gametangia, 31 S, 319, 331 
Gametes, 66, 281 
Gametophyte, 3^7 
Gamopetalous, Gamo&epalous, 446 
Gamostele, 111, *112 
Gartima 1 524, 525 
Garden Cress, see Cress 
Orpine, Sedttm Telephium 
Gardenia , 589 
Garlic, Allium sativum 
Gases, mo\ement of, m plants, 221 
Gasteiomycetes , 145, 363, 373 
Geu&tei, 374 
Gemmae, 22 

Generations, alternation of, 44 , of tlie 
Gymnospermae , 289 , of the Bryo- 
phytes, 383 , Ptendophytes, 397 
Genetic spiral, 40 
Genista , 194, 561 
Gentiana, *573, 575 
Gentianaceae , 574 
Geotropism, 255 et sup* a, * 257 
Gera?aaceae, 532 
Geranium , 532 
Germ, see Embryo 
-pores, 430 

Germander, Teucrum 
German wheat, Tmticuin Bpelta 
Germination, 44, 293, 433, 458 
Gesneiiaceae , 584 
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Gigastina , w 335, 337 
Ginger, 486 
Wild, Asarum 
Gingko , 443 
Gladiolus , 469 
Glands, 99 
Glandular hairs, *97 
scale, *97 
colleter, *98, 100 
Gleba, 373 
Glechoma , 587 

Gleditschia , 559 , buds, 19 ; thorns, 

*26 

Globoids, 70, *71 
Qlobulariaceae, 585 
Gloeocapsa , 10, *11, 44, 147 
Gloeotmchia , *307, 308 
Glomerulus, 336 
Gloxinia , 584 
Glucose, 74, 203 
Glumes, 478 
Glmniflorae , 475 

Glutamra, 203 ; m the protoplasm, 54 

Glycogen, 73 

Glycynhtza , 562 

Gnaphalium , 598 

Gnetaceae , 434, 443 ; vessels, 85 

Gnetinae , 443 

Gnetum , , 443, 444 , thickening, 137 

Golden-rod, Sohdago 

Gongara, 489 

Gomdia, Lichens, 377 

Gonimoblast, 337 

Gonolobus condurango, 576 

Gooseberry, iJz&es Grossularia 

Goosefoot, Chenopodi um 

Gossypium , 530, *531 , seed-hairs, *96 

Gracilana, 337 

Grafting, *228, 229 

Grammeae . , 478 , growth, 21 ; haulms, 28, 
31, 262 , sheath, *31, 32 , silica, 82, 
175 , epidermis, 90, 91 , root, 152 , 
growth, 231 , germination, 293 , 
attacked by fungi, 360, 366, 367 
Grass, Arrow-, Tnglochxn 
Knot-, Polygonum 
Scurvy-, Cochleama officinalis 
Viper’s, Scorzonera hispamca 
Whitlow-, Draba 
-Wrack, Zostera 
Grasses, see Gramineae 
Gratiola, 583 

Gravity, effect of, on plants, 161, 255 
Green Algae ( see Chlorophyceae) 

Gromwell, Lithospennum 
Ground-ivy, Glechoma 
Groundsel, Senecio 
Growing point, 148 

Growth, 223 sqq * periods of, 27, 230 , 
of cell-wall, 75, 78, 79 ; by intussus- 
ception, 79, 231 , independent, 159 , 


external influences on, 235 ; curva- 
tures, 248 
Gmmales , 531 
Guard-cells, 93 
Guava, Psidium 
Guelder-rose, Viburnum 
Gum, 81 , in mtercellulars, 88 , arabic, 
88, 558 , resins, 125, 206 ; traga- 
canth, 562 
Gurnmosis, 81 
Gunnera , 111, 308 
Gutta-percha, 73, 206, 569 
Gutti, 525 
Gymnadema. , 489 
Gymnocladus , accessory shoots, 19 
Gymnodmmm , 315 
Gymnogramnie, 91 

Gymnospermae, 434 , bundles, 103, 105, 
114, 117, alternation of generations, 
289 

Gymnosporangmm , 367 
Gymnostomum, 239 
Gynandiae , 487 
Gynoecium, *428, *448, *451 
Gynophore, 525, 547 
Gynostemium, 487 

Habit of plants, 27, 237 
Hadrome, see Tracheal portion 
Hsematoxylm, 125 
Haematoxylon , 124, 559 
Haem odor aceae, 470 
Hagema, *552, 554, 556 
Hair-bell, Campanula 
Hairs, see Triehomes 
Halwieda , 328 
Haloragidaceae , 563 
Haviamehdaceae, 552 
Haplocaulescent, see Uniaxial 
Haplostemonous flowers, 453 
Hart’s-Tongue Fern, Scolopendnum 
Haustona, 43, *208 
Hawkbit, Leontodon 
Hawk’s-beard, C/epis 
Hawkweed, Hieracium 
Hazel-nut, Qorylus 
Heart’s-ease, Viola 
Heartwood, 124 

Heat produced by respiration, 220 
Heath, Erica 

Hedera Helix, *545 ; wood, 129 
Hedge-Hyssop, Gratiola 
-Mustard, Sisymbrium 
-Nettle, Stachys 
Hedysaroideae , 561 

Hedysarum, 561 , movement of leaves, 
236 

Hehantheae, 598 

Helianthemum, *523 

Helianthus , 168, 598 ; tubeiosus , 24 

Hehchrysum , 596, 598 
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Helicoid Cyme, see Bostiyx 
Heliotactic movements, 243 
Heliotropism, 251, 252 
Heliott opium , 578 

Hellebore, Black (Clmstmas Ro.se), Helle- 
bot'us mger 

Green, Hclleborus eiruhs 
Hdleboi us, 511, "512, 514 , stoma, 190 
Helobiae , 482 
Helvetia, 360 
Helvellaceae , 359 
Hemerocalhs /uh a, '*429 
Hemiasci , 342, 349 
Hemibasuln , 342, 360 
Hemileia , 367 
Hemlock, Contain 

Poison-, Cnmitm maculatinn 
Water-, Cicuta virosa 
Hemp, 

-nettle, Galeopsts 

Hepaticae, 308, 381, 384, 385 , form, 14 , 
pli> logeny, 145 
Hera oleum , 547, 549 

Herba Absintlm, 599 , Cannabis, 503 , 
Card m Beuedicti, 599 , Centanin, 
575 ; Cochleanae, 520 , Conn, 550 , 
Gale op. si dis, 587 , Hyoscyami, 5S2 , 
linguae ceivmae, 402 , Lobeliae, 593 , 
Meliloti, 562 , Millefoln, 599 , Ori- 
gani, 5S7 , Rosmanm, 568 , Sabmae, 
442 ; Serphylli, 5S7 , Spilanthis, 
599 , Thy mi, 5S7 , Violae trieolons, 
524 

Herb Paris, Pans quad) i folia 
Hereogamy, 2S7 
Heimaphiodite, 284, 42S 
Henna / KT, 008 
Hespenilm, 74 
Heterobasidion, 371 
Heterocysts, 307 
Heteroecious Urednieae, 366 
Heteromerous tlxalli, 377 
Heterosporous Ptendophyta , 399 
Phanerogams, 427 
Heterostyly, 286 
Ilen-tf, 543 
Hibbotia , 261 
Ihbtsceae, 349, 530 
fllemcvuu, 598 
II d debi audit a , 334 
Himanthaha , 332 
J^mantidium, *314 
Hippo mane, 543 
H i ppophae, 540 

Hippurts, 236, 256, 563 ; \egetative point, 
*150 

Halvas, 480 
Holly, Ilex 

Hollyhock, Althaea rosea 
Homoionxerous thalli, 376 
Homosporous Piet ulophyta, 399 


j Honesty, Lunana 
Honeyclew, Claviceps puopmea 
Honey-locnst, Gleditschia 
Honeysuckle, Lomcera 
Bush, W&igeha 
Hop, Humuliis 
Hopea , 525 
Hordeae , 480 

Hotdeum , 480, 481 ; roots, 152 
Hormogoma, 307 
Hornbeam, Carpi mis 
Horn-nut, T? apa 
Hornwort, Ceratophyllwn 
Horse-chestnut, Aesculus 

sradish, Qochlearia Armoracia 
-tails, j Equisttuiae 
Ilosta , see Funhta 
Houseleek, Sempermvum tectoi tun 
Humming-bit ds, fertilisation by, 284 
Humuliis , Jt 502, 503 , glandular scales, 
*97, 99 

Humus acids, 183 
theory, 196 

Huia crepitans , 293, 541 
Hyacmthus , 466 
Hyaloplasm, 51 
Hybridisation, 287 
Hydathodes, 91, 99 
Hydneae , 370 
Hydnum, *370 
Hydia, 213, 320 
Hydiangea , 552 
Hydrastis , 514 
Hydi ochans, 236, 245, 483 
Hydi ochai itaceae, 483 
Hydrocotyle , 549! 

Hydrogen, 171-173 
Hydi olapathma, 145, 335 , form, *13 
Hydrophilous plants, 282 
Hydrophyllaceae , 578 
Hydropic ndeae, 400, alternation of genera- 
tions, 406 

Hydrotropism, 268, 281 
Hygroscopic curvatures, *247, 293 
Hylocomuim , 394 
Hymemum, 343 
Ilymcnogastreae , 373 
Hymenolichenes , 378, 380 
Hymenomycetes, 145, 363, 364, 378 
Hymenophyllaceae , 404 
Hyoscyamus, *432, *447, "581, 582 
Hypecoum , 517, 520 
Hypencaceae , 524 
Hypericum , *524 
Hyphae, 341 , multmuclear, 60 
Ilyphomycetes , 340 
Hypnum , 394, *395 
Hypocotyl, * 45, 46, 294 
H^poderma, 111, 170 
Hypogean, 458 

Hypogynous flowers, 450, *451 
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Hyponasty, 249 
Hypophysis, *456, 457 
Hypothecium, 359 
Hysterophyta , 565 

Iberis , 519 
Iceland Moss, Get/m m 
Idioblasts, 83, *108 
Ilee, 537 

Ilhcium, 515 , ethereal oil, 73 
Imbibition, 177, 188, 247 
Imbricated leaves, 37 

Impatiens , 533 , collenchyma, f 77 , epi- 
dermis, *92 , vessels, 101, *107 ; 

stems, 187 
Incised leaves, 30 
Independent locomotion, 241 
India-rubber plant, Ficus elcisticcc 
Indigo, 562 

Individual variations, 154 
Indusium, 402 
Inflorescence, 460 
Infrueteseenee, 460 
Infusoria , , 320 
Initial layer, 121 

Insectivorous plants, 206, 213-216 
Insects, fertilisation by, 284 
Integuments, 431 
Intercalary growth, 21 
Intercellulars, 87 , air space, 87, *108, 
*221 , lysigemc, 88 , secretion, 100 , 
medullary rays, 134, passages, 222 
Interfascicular cambium, 121 
Internal development of organs, 237 
Internodes, 20 

Intme, 430 ; of the Ptendophytes, 899 
Intramoleculai respiration, 219 , m fer- 
mentation, 212 
Introrse anthers, 447 
Intussusception, growth by, 79, 231 
Inula , , 597-599 
Inulm, 74 

Invertm, 203 , m the protoplasm, 54 

Iodine m plants, 172, *199, 334 

Ipecacuanha , 228 

Ipomoea , 577 ; free coils, *260 

Inartea, root-thorns, 43 

1/ idaceae , *469 , diagram, 38, *39, 469 

Iridescence, 223 

Ins, *469, 470 , epidermis, *93, *113 
Iron in plants, 172, 174, 220 
Irritability, movements of, see Turgor, 
changes of 
I satis, 519 

Isoetes , 415, 416, *422 , desiccation, 179 
Isogamy, 318 

Jasioxje, 592 
Jasminum , 573 
Jateorhiza , 516 
Jessamine, Jasminum 


Jewel- weed, Impatiens 
Judas’-ear, Auricular uc 
Judas-tree, Geras 
Juglandaceae , 499 
Juglans , *498, 499 
Juncaceae , 465 , haulm, 28 
Juncaginaceae , 483 
Juncus \ *465 , leafless, 25 
Jungermanmaceae , 389, 390 
Jumperus , *439, *442, leaves, 47; attacked 
by Gymnosporangium , 367 

Kale, Crambe 
Kamala, 543 
Karyokmesis, 60, *61 
Kelp, 334 
Kerna, 555 

Kleinia aiticulata , 194 
Klmostat, 263 
Knarvel, Scleranthus 
Knautia , 595 
Knot-Grass, Polygonum 
Kolil-rabi beads, 373 
Kola nuts, *529 
K'tamena , 559 

Labellum, 485, 487 
Labiatae , 585, *586 , nodes, 21 
Labiati florae, 585, 598 
Laburnum, Cytisas 
Lachnea , apothecium, *359 
Lactanus , 372, 373 

Lactuca , *589, 599 ; sap, S4 , Scanola , 254 
Lactucarium, 599 
Lamina, 29 

Laminaria, 145, w 329, 334 
Lammanaceae , 329, 334 
Lamium , *586, 587 
Lappa, *595, 598, 599 
Larch, Lane 
Lanx, 440 

Larkspur, Delphinium 
Lateral geotropism, 258 
roots, 42 

Latex cells, 83, 84 

Lathraea , 584 ; albumen crystals, 71 

Lathyrus , 561 , leaf-tendrils, 35, *36 

Laudatea , 380 

Lamaceae , 516 

Laurel, Lauras 

Lamus , 517 ; ethereal oil, 73 

Lavandula , 587 

Lavatera , 530 

Lavender, Lavandula, 

Lead m plants, 172 

Leaf, development, *16, *18, *19, 28 , 
-cushion (see Pulvmus) ; -scars, 34 , 
tendrils, 35 , tissue, 113 , floral, 114 , 
foliage, 115 , traces, 116 
Leaves, arrangement, 37 , falling, 143 ; 
transpiration, 190 
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Ledum , 568 
Legume, 459 

Letjumt aos(u\ 556 , leaf-cnsinon, 30 , wood, 
12S, 130, symbiosis w ltli bacteria, 
173, 200, 210 ; movements of, 269 
Lcnutnea , 334 

Lenina , 30S, *475 , roots, 41 ; movement, 
245, "210 
Lemnaceae , 475 
Lemon, Citrus Lunonum 
Lenticels, *142, 222 
Leoctnpus, 304, *305 
Leontodon, 598 , flower, ^ 268 
Lipid i um, 519 

Lepulodentheae, 422, tluckenmg, 120 
Lepvhit.fi ohm*) 423 
Lip i of a, 372 

Leptome {see Sieve-tube portion) 
Leptospoiangiate Ferns, 404 
Lipfot/m.e, Ml, ’ 309, 312 
Lesson ut, 330 
Lettuce, La duett 
Leutttdendion , 19 i 
Lent m, 203 
Leiuobn/um , 391 
Leucojum , *468, 469 
Leueonodor, 309, 311, ‘312 
Leucoplasts, 56, 59, * 69 
Zcm/nv/w, 549, 550 

Lnmes, vessels, 85 ; medullary lays, 130, 
thickening, J,, 137, *138 
Librifonn fibres, 127 
Lichen islandicus, *379, 381 
Liehene\ 375 , callosc in, 80 , gymnocarpn , 
378 , ant/ionnpi, 380 
Licence, 562 

Life, dmution of, 237, 238 

Light, influence on giowtk, 163, *199, 

* 200, 23 1, 2b7 , lieliotropism, 252 
Lignified cell-walls, SO 
Lignum l-Liemato\^h, 559 , Jumperi, 
412, Quassiae, 535, Santali rubuiin, 
562 , Sassafias, 517 

Ligule, *‘31, 176 ; Sduyindlu, 419 , of 
Lqaete, s, 422 
Lnjulifforae, 598 
Lu/ustrum, 573 
Lilac, aS [t/rt //(/it 

Ldateeae , 465 , adventitious buds, 19 , 
diagram, ’‘3S , raphules, 72 
Liiftjloitte, '464 
Lftioideite, 466 
Lihuw, l 452, 466 
Lily of the Valley, Oouiullauu 
Lime-tree, Tilut 
Lime scales on Savifrages, 194 
Lniaeeae , 532, 533 

Lnia/ta, 583 ; Oymbtduria , 254, germina- 
tion, 293 
Linden, Titia. 

Lmeu, 533 


Limn, 56 
Lninaeu , 590 
Linmn , 287, *448, J 533 
Liqmdambar , 552 
Lmodenthon , 515 
Lithospeo nnan, 578 
Lithium in plants, 172 
Litmus, 378 

Live-for-ever, Sedum Telephium 
Liverworts, Hepaticae 
Loasaceae , 526 ; stinging-hairs, 97 
Lobed leaves, 30 
Lobelia , 593 

Lobelktecae , 593 , torsion, 258 
Loculieidal dehiscence, 459 
Locust, Robinia 
Lodicules, 479 
Ladoicea , 164 
Loganiaeeae , 574 
Logwood, Haematoteyloa 
Loll inn j 480, *482 

Lonieerct , 590 , accessory shoots, 19 , leaf, 
30 

Lomceteae , 590 
Loosestrife, Lysimachia 
Spiked, Lythivm 
Lopho&pei mvm, *268 
Lomnthaeeae , 210, 566 
ZomftMws, 567 
Lotoulecte , 561 

*559, 561 
Sacred, 

Lousewort, Pedicidm i6 
Lovage, Lemstieum 
Lunaria , 519 
Lungwort, Pulmonarw 
Lupniut., 561 
Lupulm, 99, 206 
Lupuliimm, 503 
Luzula , 465 

Lychnis , 508 ; 92 

Lycopetdon , 292, 374 
Lycopeisiatni , 581 

Ly copod taceae, 400, 416 , blanching, 19 , 
loots, 41, bundles, 105, \egetati\e 
cone, 151, 152 , alternation of genera- 
tion, 290 

Zycojjodinae , 150, 400, 415 
Lycopodium , *19, 415, *417, *418 ; gamo- 
stele, 111, *112, 175 
Lysigemc mtercellulais, S8, 89 
Lysimachia , 571 
Lythraceae, 563 
Lythium , 564 

Mace, 515 
Madura , 125 

330 

Macrosporangxa, 399, 409 
Macrospores, 290, 399 ; of * 408, 

* 409 , of Selagmella, * 419, *421 
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Madder, Field, Shetatdia 

Magnesium m plants, 172, 175, 202 

Magnolia , 515 

Mahonia , 516 

Maize, Zea 

Majanthemum , 466 

Majoram, Origanum 

Malacophilous plants, 284 

Malformations, 156 

Malic acid, 205 ; in Ferns, 243 

Mallotus, 543 

Mallow, High, Malta silvestj is 
Marsh, Althaea officinalis 
Rose, Hibiscus 
Maltose, 203 
Maltum, 482 
Malta, 254, *530, 531 
Malvaceae , 529, *530 
Malteae , 81, 530 
M a nulla t la , 526 
Mandragora , 581 
Mandrake, Podophyllum 
Manganese m plants, 172 
Mangosteen, Gai cinia 
Mangiove, roots, 43 , transpiration, 195 , 
seedlings, 293 
Manihot utihssima, 543 
Manioc, Manihot 
Manna, 574 
Manmte, 334 

Manubrium of the Chaiaceae , 339 
Maple, Acer 
Maranta , 4S6, 487 
Marantaceae, 486, 487 
Marattia , *404 
Marattiaceae, 404 

Mai chant la, '381, *3S2, ^386, '387 ; in- 
ternal structure, 145 , respiration, 
146, 226 

Marchautiaceae, 386 
MareVtail, Hippuns 
Marsh Mangold, Caltha pal ustt is 
Mat sdm, 225, *407, 411 ; movements, 
269 

Mai sdiaceae, 407, 411 
Mangold, Calendula 
Massula of Azolla, 411 
Mastiche, 535 
Matthiola , 519 , hairs, *97 
Metrical ta, *595, 597-599 
Maximum temperature, 163, 234 
Maydeae, 480 
Meadow-rue, Thahctrum 
-saffron, Colchicum 

Mechanical cells, 82 ; tissue, 169, *170 ; 

influence, 237, 266 
Medicago , 292, 294, 561 
Medick, Medicago 
Medlar, Mespilus 
Medulla, 109, 110 

Medullary rays, 110, 121, *126, *127 


Medullary sheath, 123 
Melampyrum , 583 ; saprophytic, 210 
Melandryum , *508 
Melanthoideae, 466 
Mdastomataceae , 564 
Melica i, 480 
Melissa , *586, 587 
Melon, Water, Citrullns 
Musk, Cucumis Melo 
Melosim , *314 

Membrane, protoplasmic, 51, 177 , cell- 
wall, 79 , partition of, *87 , growth, 
231 

Memspermaceae , 516 
Mentha, 587 
Menyanthes , 575 

Mercwiahs, 542, *543 , epidermis, *92 
Mercury m plants, 172 
Merismopedia, 307 
Menstem, 89, 90, 121 
Meruhus, 371 

Mesembryanthemum, 195, 509 
Mestome ( see Bundles, primary vascular) 
Metabolism, 171, 205 
Metamorphosis, 10 , of the primitive 
forms, 15 ; of the shoot, 22 , of the 
leaf, 28, 34 , through external influ- 
ences, 155 
Metaphases, 62 
Metaplasm, 55 
Metzger m, 389 , cells, *149 
Micrasterias, *317 

Micrococcus, ’Tl, 308, 309 , combustion, 
212 

Microcyst, 303 
Micropyle, *430, 431 
Microsomes, 55 
Miciosporangia, 399, 409 
Microspores, 290, 399 , of Salmiua, *409, 
*410 , of Selagmella , *420 
Middle lamella, *76, 80, 89 
Midrib, 31 

Midsummer growth, 22, 124 

Mignonette, Reseda odorata 

Mildew fungi, Rrysipheae 

Milfoil, Achillea 

Milkwort, Polygala 

Millet, Indian, Andropogon 

Mimosa , 558 , leaf, 30 ; desiccation, 179 ; 

movements, 270, *272 
Mimosaceae , 558 
Mineral substances, 178 
Minimum temperature, 163, 234 
Mint, Mentha 
Muabilis , 509 
Mistletoe, Viscum album 
Mitotic division, 60 
Mmum, 390, 392, *393 , stem, *147 
Monandrae , 488 
Moneywort, Lysimachia 
Monimiaceae , 515 
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Monoblephamdmeae, , 344 
Monoblephans, *344 
Monochasium, 461 

Monocotyledones , 462, *463 , venation, 
31 , bundles, 105, 117 , thickening, 
138 

Monoecious plants, 2S5 , flowers, 428 

Monogenetic reproduction, 275 

Monopodial system, 17 ; inflorescence, 460 

Monopodium, 17 

Monosym metrical plants, 16, 453 

Monohopa, , 569 

Monohopeae , saprophytic, 210 

Monster a, 474 , leaf, 31 

Monstrosities, 154 

Moonwort, Bohychium 

Moraceae, 500 

Mmchella , *351, *359, 360 

Moiel fungus, Morehella 

Moim, 125 

Morplun, 206 

Morphology, external, 9 ; internal, 47 
Mor us, 501, 502 
Mosses, Mu&ci 

Bog-, Sphagnaceae 

Moss-plants, 383 , capsule, 3S4 ; stem, 
390 

Movement, power of, 159 , phenomena of, 
241 sqq 

Mucilage-ducts of Cycadmae , 437 
Mucilaginous matter, 73, 88 
sheath, 293 

Macoi , *347, *348, *349 
Mucuna, wood, * 137 
Mulberry, Mo/ us 
Mullein, l r erbascum 

Multicellular formation, 64, 1 65 , hairs, 
9S 

Multiplication, 275, 280 

Musa, 4S4 , leaf, 31 ; seedless, 226 

Musaceae, 484 

Muscardme, 358 

Mu scan, 4b6 , bifurcation, 19 

Muscarm, 206 

Mus%l, 381, 385, 390 ; form, 12, 13 ; cells, 
148 ; vegetative period, 238 ; sexual 
organs, 391 
Muscmeae, 381 
Muscus helmintliocortus, 337 
Mushroom, Agamcmeae 
Musk-melon, Cucumis Melo 
Mustard, 520 
(plant), Smapis 
Black, lhassica nigra 
Treacle, Mrysimum 
White, Smapis alba 
Mutilation of plants, 226 
Mutisieae, 596 
Mycelium, 341 
Mycetozoa 9 302 
Mycomycetes , 343 


Mycorrhiza, 210 
Mycosm, 80 
Myosotis, 40, 578 
Myo ica , 499 , wax, 91 
Myncaceae , 499 
Myncana , 525 
Mynophyllum, 563 
Myristica, 515, *516; fat, 73 
Myristicaceae, 515 
Mymiecodia , 214 
Mynnecophytae, 213 
Myromc acid, 205 
Myrosm, 203 
Myrrh, 535 
Mfirsmaceae, 571 
Myrsipliyllum , *261 
Myrtaceae, 564 
Myrhjlome , 562 
Myrtle, My r tus 
My*) tiis, 565 
Myxamceba, *51, 303 
Myxomycetes , 302, 305 , plasmodia, GO, 
*51 

Najadaceae, 484 
Najas, 484 

Napobrassica , see Brassica 
Narcissus, 469 
Nasturtium, 193, 519, 532 
NecJcera, 394 
Nectary, 451 
Nectna , 356 

Negative geotropism, 251-256 
Nelumbmm , 514 
Nemahon , 337 

Neottia , 227, 489 , saprophytic, 210 
Nepcnthaceae, 523 
Nepenthes , *34 ; trap, *216 
Nepeta, 587 

Nenum, *574, 575 ; tissue, *88 , stomata, 
95 

Nervature of leaves, see Venation 
Neslia, fiuit, *519 
Netted veined leaves, 30 
Nettle, Urhca 
New formations, 226 
Nickel m plants, 172 
Ntcohana, *448, *579, * 580, 582 
Nicotm, 175 
Nrgella, 511 

Nightshade, Solanum nigrum 
Deadly, Atropa Belladonna 
Nitella, 337 ; protoplasm, 53, 245 , tur- 
gidit}, *167 

Nitrogen m plants, 172, 173 
Nodes, 20 
Nolanaceae , 579 

Nostoc, 307, *308 ; symbiotic, 213, 389, 
408 

NostocaceaCi 306, 308, 376 
Notorhtzeae, 519 
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Nourishment, see Nutrition 
Nucellus, *279, 430, 431, *456 
Nuclear cavity, 56 , division, 60 
Nuclein, 54, 202 
Nucleoli, 56, 62 
Nucleus, *48 

Xuphar, 514 ; ldioblast, v 108 
Nut, structure of, 459 
Nutations, see Autonomic movements 
Nutmeg, 515 

Nutrition, 159, 171 , special processes, 206 
Xux, 574 

Xyctagmaceae , 509 , thickening, 137 
Nyctitropie movements, 270 
Xyuiphaea , 236, 514, *515 
Xyniphaeaceae , 514, 515 ; ldioblasts, 108 

Oak, Qaercus 
Oats, Aiena 

Obdiplostemonous andrcecia, 452 
Oelirea, 32 
Oihrolechia , 379 
Ociviiu/i basihcum , 587 
Oedogotuuui , *324 
Oenanthe , 547, 550 
Oenothera, 563 
Old mm, 353 

Oil, ethereal, 72, 73; seed, Oamelum sat i on 
-ducts, 88 

Oleander, Neman oleander 
Oleum Aurantu florum, 535 , Cacao, 529 , 
cadmura, 442 , Cocos, 473 , Crotoms, 
543; Macidis,515 , Menthae Pipentae, 
587 , Olivae, 574 , Pini puimlionis, 
443 , Ricini, 543 , Rosae, 556 , 
Rosmarmi, 587 , Santali, 566 
Oligotaxy, 452 
Olive, Olea 
Onagtaceae , “ r 563 
Onion, All nan Cepa 
Onob/ychis , 294, 561 
Ononis , 561, 562 
Ontogeny, 44, 147 
Oogamy, 302, 318 
Oogoma, 319 
Oomycetes , 341, 347 
Oospheres, 302, 318 
Oospore, 302 
Ophioglossaceae , 404, 405 
Ophrys , 489 
Opium, 206, 522 
Optimum temperature, 163, 234 
Opuntia , *526, 527 , twig, w 25 
Opuntmae, 526 
Orache, Atnplex 
Orange, Citrus 

root, Hydrastis canadensis 
Orchidaceae , *487 ; roots, 42, 43 , tubers, 
*43, 113, 195 , siliceous bodies, 72 ; 
mucilaginous matter, 73 , idioblasts, 
83 , velamen, 100 


Orchil, 378 , saprophytic, 210; toi&ion, 258 
Orchis , *488, *489 , ovule, *455 
Organic acids, 72, 74 
Organs, development of, 224, 237 
Orientation, movements of protoplasm, 
244 ; torsion, 258 
Otiganum , 587 

Oi mthogahun, ’ 466 , cells, *76, 81 
Oimthophilous plants, 284 
Orobanche , 584 , haustona, 209 
Orris-root, Ins 
Orseille, see Orchil 
Oithogonal trajectories, 150 
Orthoploceae , 519 
Orthospermeae , 549 
Orthostichies, 39, 40 
Orthotropic, 250 

Oryza , 480, *481 ; starch, 69, 70 
Oryzeae, 480 

Oscillana , *307 ; movement, 244 

Osmotic forces, 187 

Osmunda , *404 

Ostrich Fern, Struthiopte ) is 

Ovary, ,p 448, *450 

Ovules, *430 

Oxalate of potassium, 202 ; calcium, 81, 
202 

Oxalic acid, 202 

Oxahdaceae, 532 , roots, 195 

Oxahs , 532 , acids, 74 , movements, 269 

Oxygen in plants, 171, 173, 200, 237 

Paeoxia, *428, 511 , flowers, 33 , amy- 
loid, 81 

Palaqumm , 569 
Palea , 402 

Palisade parenchyma, 14, *78 ; cells, 115 
Palmae , 471 ; flowers, *463 , leaves, 31 , 
root-thorns, 43 ; siliceous bodies, 72 , 
endosperm, 81 , wax, 91 ; thickening, 
120 , stability, 164 
Palmate leaves, 30, 31 
Palmella stage, Algae> 318 
Palm wine, 185 
Pandanaceae , , 475 

Pandanus , leaf, 38 ; adventitious fo ots, 
43 , seed, 294 
Paniceae , 480 
Panicle, *461 
Panicum , 480 
Pansy, Viola 

Papaver . , *521, 522 , uniaxial, 27 , leas, 
30 , bundles, 117 

Papaxeraceae, 521, 522 , latex vessels, 84 
Papaw, Qanca Papaya 
Papilionaeeae , , 559 , leaf tendrils, 35 , 
wood, 137 
Papillae, 95, *96 
Pappus, 596 , hairs, 248 
Papyrus , 478 
Parallel veined leaves, 30 
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Para-nuts, Bei tkolletia 
Paraphyset of Fucks, 332 , of the Fungi, 
343; Pyienomycetes , 355, D iscomy- 
ectes , 359 ; Hymenomyeetes , 368 
Parasites, 206 , reduction of leaves, 25 , 
roots, 43 ; influence on formation, 155 
Par.*&siehies, 39 

Paratonic movements, 249, 270 
Parenchyma, *78, 89, 102, *106, 115, 
131 

Pat s quath if ah a, 154, 446, * 467, 468 
Pa uassia, 251 
Paronychiouleae , 506 
Pai sley, Pet) o&eh n n m 
Beaked, Antln iscv& 

Bill, Cancrhs 
Fool's, Aeth f 4 ' 

Hedge, Tonhs 
Parsnips, Postulat'd 
Cow, Hera oleum 
Water, Stum \- 
Partli aogenesis, ;J3, 2S0, 340 
Puitite leaves, 30 
Pass t flora* *52, 

Pastuiacc , 54 * 

Paullntur^ 13? 

Paulouvwd 5b». 

Pea, cotyledon J 458 
Peach, P /' , f n us nersica 
Pear, Pious cot , a nous 
Pectose, SO 
Pedate leaves, 30 
J\ } (hastntm, 320 

* r >83 , liaustoiia, 260 
Bp <a % 526 
J *fQt<jontUM 9 f 532 
Pc” at, 3 89 
Peloria, 453 
Peuicillium , 353 
Pennywort, Water, Hydiocotyle 
Pentacyclie flowers, 451, *452 
Pepper, Black, Pipe) nigrum, 503 
Peppermint, Men tha pi penta 
Pepperwort, Ley ahum, 

Pepsme m the protoplasm, 54 
Peptoxlismg feiments, 83, 203, 205 
Perennial plants, 27, 239 
Perfoliate leaves, 30 
Perianth, 38, *428 
Permnal wood, 138 
150 

P&. "a ibmm, see Pericycle 
p-iiarp 459 
pi. yliaetium, 392 
re luial walls, 149 
Pericycle, 110, *113 
Periderm, 139, 140 
Pei iderm i um , 367 
Ptridmeae , 315 
Pe* uUmum, *315 
Pendiola, 374 


Peridiurn of the Xhedmeae , 365 , Gastero- 
mycetes , 373, 375 , Myxomycetes , 303 
Pengone, 446 

Pengynous flowers, 450, *451 
Perinium, 399 , of the FJqiusetaeeae , 248, 
*414 ; of Salvima , *411 
Periodicity of development, 287, 238 
Periods of growth, symbols for, 27 
Penpliyses, 355 
Periplasm, 346, 399 
Pensperm, *432 
Pensponaceae , 351, 353 
Pcn&ponecte , 352, 353 
Peristome, 248, 392 
Per5thecium, 351, 352 
Periwinkle, Vinca minor 
Peimeability, 166, 167, 177, 178 
Pernambuco wood, Caesalpima 
Peronosporeae , 344, 346 
Pei&onatae , 579 
Peruvian wax-palm, Geroxylon 
Petals, 446 
Petasites, 598 
Petiole, 29 

Petiosclinum, 549, 550 
Peucedanum , 549 
Penza, *358 
Pkacuhaceae , 359 
Phaeophyceae, 329 
Phaeosporeae , 331 
Phapts, starch, *69, 71 
Phalamdeae , 480 
Phalloideae , 374 
Phallus , *374, 375 

Phanei ogamm, 45, 240, 374, 375, 427; 
fertilisation, *67 , sexual generation, 
431 

Phaibitis , *261 
Phascaceae , 394 
Phascum , ^384 
Phaseolcndeae , 562 

Phaseolus , 562 ; coils, 261 ; starch, 68, 
*69 

PJiegopterts, spermatozoid, *67 
Phelloderm, 141, *142 
Phellogen, 140, *141, ^142 
Philadelphia, 552 
Phlemn pratense , 480 
Phloem, see Sieve-tube portion 
Phloeoterma, 109 
Phloroglucm, 74, 80 
/^Zor, 577 
Phoenix , *472 
Phormivm, , *170 
Phosphorescence, 223 
Phosphorus m plants, 54, 70, 171, 173, 
202 

Phototactic, see Heliotactic 
Phragmites, 480 
Phycocyamn, 58, 306 
Phycoerythrm, 58, 335 
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Phycomyces, 349 
Phy corny cetes, 341, 343 
Phycophsein, 58, 330 
Phylloclades, 24, *25, "261 
Phyllodes, 36, *46, 194, 254 
Phylogeny, 145, 154 
Phy sahs, 5S1 

Physical attributes, 160, 167 
Physiology, 6, 159 
Physodes, 55 
Physostigma , 562 
Physostigmmum, 562 
Phytelephas , 81, 205, 473 , endosperm, 
*458 

Phytemna , 592 

Phytolacca , 509 , bundles, 117 
Phytolaccaceae , 509 , thickening, 137 
Phytophthora , 344, *345 
Phytoteratology, 154 
Phytotomy, 10 

Ptcea , *435, *436, 440 ; resin, 88 

Picraena, 535 

Pigeon Berry, Phytolacca 

Pigweed, Ghenopodiuin 

Pilacre, 363, 368 

Pileus, 368, 370 

Pilobolvs, 349 , heliotropic, 252 
Pilocarpm, 206 
Pilocarpus , 535 
Pilostyles, 209 
Pilulana, *407, 411 
Pimpernel, Anagallis 
Pimpmella , *546, 549, 550 
Pmaceae , 439 
Pine, Finns 

Pme-apple, B/omehaceae 
Pmgmcula , 584 , trap, 215 
Pink, Dianthus 
Pinnate leaves, 30, 31 
Pinnularia , *11 

Finns, 438, *441 , wood, *76, *123, *126, 
*127, *128, *129 , sieve-tubes, *77, 
*86 , attacked by Heterobasidia, 371 
Pipeu 503, *504 ; ethereal oil, 73 , 
bundles, 117 
Piperaceae , 503 
Pipe-Vme, Aristolochia sipho 
Pirns, *451, *553, *554, 555 ; periderm, 
*141 , lenticles, 142 , attacked by 
Gymnosporangium , 351 
Pistacia , 535 
Pistil, *449 

Pimm , *560, 562 ; leaf-tendrils, *36 

Pith, see Medulla 

Pits, 76, 77 

Pitted vessels, 85 

Pix liquida, 442 

Placentation, *449 

Plagiochila, 390 , form, *14 

Plagiotropic, 250 

Plankton, 314 


| Planogametes , 318 
Plan tagmaceae, 584 

Plcmtago , *584, 585 ; triaxial, 27 , bundles, 
101 ; protogyny, *286 
Plantain, Plantago 
Plantain, Water, Ahsma 
Plasmodium, 50, 303, 305 , absorption, 
176 , movement, 242 
Plasm oly sis, 167 
Plasmopara, 345 
Platanaceae , 552 
Platanthera , 489 
Platy cerium, 227 
Pleiochasium, 461 
Pleiotaxy, 452 
Plerome, 150 
Pleurococcus , 323 
Fleur or rluzeae, 519 
Pleurosigmci, 314 
Plum, Ptunus 

Plumbagmaceae , Plumbc^o, 571 
Plumule, *456 
Poa, , 278, 480 
Pod, Legume 
Podetium, 379 
Podophylhnum , 516 
Podophyllum , 516 
Podospora , *356 
Pokeweed, Phytolacca 
Polarity, 226, 227 
Polemoniaceae } 577 

Pollen-grams, -sacs, -cells, *429, ^ 430 ; 

-tubes, 66, 431, 456 , chambers^43S 
Pollination, 282 

Polhmum (Pollmanum), *488, 576 
Polyarch, 113 
Poly car picae , 509 
Polycaipum , 285 
Polyembryony, 279, 457 
Polygala , Polygalaceae , *533, 534 
Polygamous flowers, 428 
Polygonaceae, 504 , stipules, 32 
Polygonatum , *463 ; rhizome, *22 , sym- 
podium, 18 
Polygon uiae, 503 

Polygonum , 504 , ovary of, 4 455 ; attacked 
by Puccinia , 367 
Polyhedra, 320 
Polypodiaceae , 402 
Polypodium , 402, 404, *405, *406 
Polyporeae, 370 
Polyporus , 370, *371, 373 
Polysymmetrical plants, 16 
Polytomy, 17 

Polytrichum, 391, 392, 394, *395 
Pomaceae , phellogen, 140 
Pomegianate, Punica 
Pomoideae, 228, 554 
Pond-weed, Potamogetooi 
Poor-man’s Weather-glass, «?- 

vensis 
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Poplar, Pojndus 
Poppy, Papa ret 

Papal us, *493, 495 , section of bud, " 37 
Porieidal dehiscence, 459 
Poi tulaea olaacett , 509 ; seed, 294 
Positive stimuli, 251 , lieliotropism, 252 , 
geotiopism, 257 

Potamogeton , *483, 484 , seed, 294 

Potash plants, 176 

Potassium in plants, 172, 173, 202 

Potato, Solatium tuberosum 

Potent ilia , *451, 553, 555 

Potenum, 554 

Prickles, 99 

Piimoidial leaf, 29 , utricle, 49 
Primrose, Ptimula 

Primula , 571 ; glandular bans, *97, 98 , 
heterost}ly, *286 
P> imulaceae, *570, 571 
Pt unuluiae, 569 
Puvet, Lir/ustntm 
Procambium stiands, 105 
Piomenstem, 89 
Prom} cel mm, 364 
Piophases, 62 
Proph}lla, see Biacteolcs 
Pioscnch} in a, 89 
Protandry, 2S5, 2S6 
Prtdeaecae, 194, 540 

Piothallmm, 290, 397, 398, 405, 413, 431 
Piotobasidw, *363 
Pi otocoeeoideae, 319, 320 
Protogyny, 285, 286 
Piotomyees , 349, *350 
Protonema, *383 
Protopliloem, 105, *106 
Protoplasm, 48, 50 , active, 53, 54 ; in- 
clusion of, 6S , living, 177 , move- 
ment, 241, 244 
Piotoplast, 52, S6, 242 
Protoxylem, 105 
Pi u?io itleae, 553, 555 
Pt units, 553, 555, *556 ; spntosa, thorns, 
5J6 , cetasus, gum, 81 , lenticles, 
142 ; growth, 226 ; persica , attacked 
by Pjjhcscus, 352 
Psalhota , * 372 
Pseudoparenchyma, 341 
Pseudoperianth, 388 

Pi*Vudopodiiim, of Atuhuea , *395 , of 

S ’phar/uum, *396 
Psidaim , 565 
Pterocarpi Lignum, 562 
Pteudophifta , 397, roots, 15, 43, bundles, 
101, 105, 119 , cells, 150, 153 
Ptens, *398, 404 ; vessels, 85, *86 , 
bundles, *106, *111; petiole, 116; 
roots, *151 , cretica, 279 
P ter octopus santal In us, 125, 562 
Puccinia, *364, *365, *366, 367 
Puli- balls, Lycoperdon 


Puhnonana , 578 
Pulque, 185 

Pulpa prunorum, 556 ; Tamanudorum, 
559 ; Coloeynthidis, 594 
Pulvmus, 30, 269 

Pumpkin, Cucuibita Pepo , see also Glut- 
amin 

Punica , Pumcaceae , 564 
Purslane, Portulctcct 

Pyemdia, of the Pyrenomycetes , 356 , 
Credineae , *366 ; Lichens, "'380 
Pycnospores, P} cnocomdia, see Pycnulia, 
Pyrenoids, 71 
Pff/enohclienes, 380 
Pyy enomijcetes, 351, 355, 378 
Pyyocystis , 223 
Pytola , Pytolaceae , 569 
Pytlmnn , *346 
Pyxidmm, 459 

Qualitative reproduction, see Sevual 
Quantitative reproduction, see Vegetative 
Quassia, 535 

Quetcus, * 495, 4 496, 499 , bud-scales, 33; 
vessels, 85 , midsummer giovvth, 124 , 
suhet , cork, 140 , bark, 141, **143; 
galls, 155 ; giovvth, 226 
Quillaja , 552, 555 
Quillvvort, Isoetes 
Quince, Gydonia 

Raceme, 460, "461 
Racemose inflorescence, see Botiyose 
Radial plants, 16, 453 , walls, 149, see also 
Actmomorphic 
Radicle, 46 
Radish, Raphanus 

Garden, Raphanus sot tens 
Radix Althaeae, 531 ; Angelicae, 550 , 
Arnicae, 599 , Belladonnae, 582 , 
Calumbae, 516 , Gentianae, 575 ; 
Grammis, 482 , Ipecacuanhas, 589 , 
Lappae, 599 , Levistici, 550 , Liqui- 
ntiae, 562 , Liqun mundata, 562 , 
Onomdis, 562 , Pimpmellae, 550 , 
Pyretlm, 599 , Ratanluae, 559, Rliei, 
506 , Sarsae, 46S , Senegac, 534 , 
Taraxaci, 599 , Valerianae, 591 
Ilafflesia , 566 , Atnoldi , 26, 43 
Rajfflesiaceae , 566 , reduction m leaves, 26, 
209 

Ramenta , 402 
Rampion, Phytevma 
Ranuncvlaeeae, 510 

Ranunculus , i 450, *510, * oil-’ 513, 514, 
leaves, 31 , bundles, 303, *104 , cells, 
92 , Piushu, *236 
Rape, Brassica Xapus {oleijera) 

Raphanus , *518, 519 
Raphe of the Diatomeae , 313, of the 
ovules, J 430, 431 
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Raphia , 164 
Raptid.es, *72, 139 
Raspberry, Rubvs 

Receptacle, of sporangia, 402 ; of the 
flower, 450 
Red sandalwood, 562 
Reduction of leaves, 35, 43 ; of transpira- 
tion, 194 

Reindeer moss, Cladonia 
Rejuvenescence, 76, 275 
Reproduction, 159, 274 sqq. 

Reseda, , 522 , cells, *65 
Resedaceae , 522 

Reserve starch, 68 , material, 81, 204 
Resin, 21, 73, 88, 126, 134, 206 
Respiration, 159, 216 , intramolecular, 
*219 

Respiratory roots, 43 , cavity, 95 
Restiaceae, 470 
Restmg-spores, 309 
Reticulate vessels, 85 
Revolving movements, 259 
Rliachis, 30 
Rhamnaceae , 539 
Rhammis , 142, *538, 539 
Rliatany root, 559 
Rheotaxis, 243 
Rheotropism, 263 
Rheum , *505, *506 

Rhi/ianthoideae , 583 , attacked by Goleo- 
spomum, 367 

Rlunanthus , 583 , haustona, 209 
Rlnzines, 378 
RJiizobium , *210, 312 
Rhizocarpae , 406 

Rhizoids, 15 , of the Biyophyta , 383, 
391 , of the Pterulophyta , 397 
Rhizoma Calami, 475 ; Filicis, 407 , Gal- 
angae, 486 , Gramims, 482 ; Iridis, 
470 , Podopliylli, 516 ; Veratri, 468 , 
Zedoanae, 486 , Zmgibens, 486 
Rhizome, 22, 33 ; multiplication, 278 
Rhizomorpha , *369 , phosphorescence, 

223 ; heliotropism, 253 
PJnzophora , 293 
Rhododendroideae , 568 
Rhodomela subfasca , 337 
Rhodophycecte , 13, 334 
Rhoecidmae, 517 
Rhubarb, Rheum 
Rhus , 535 
Rhytismet , 359 

Ribes , *551, 552 ; attacked by Cronar- 
tzum, 367 

ifoecia, 385 ; form, ^14 
Ricciaceae, 385 
Rice, Qryza 

French, Tnticum dicoccum 
Richardia , 474 

Ricinus communis, *542, 543 , aleurone, 
*71 ; palisade cells, 115 


Rigour, cold, heat, etc*, 273 
Ringed bark, 141 

Robmia , 561 ; leaf, 30, *36 ; tyloses, 
*125 

Roccellaj 378 

Rock-Rose, European, Hehanthemum %xil~ 
gare 

Roesteha 9 367 
Rootless plants, 47 

Roots, 15, 40-47 , cap, 15, 41, *152 , 
respiratory, 43 , primary cortex, 112, 
113 , sheath, 113 ; central cylinder, 
113 , hairs, *182 , pressure, *184, 
185 ; contraction of, 295 
Rosa , 553, 556 ; prickles, 36, 99 , ethereal 
ofl, 73 

Rosaceae , 552, *553 
Rosae centifoliae petala, 556 
Rosemary, Rosmarinus 
Rosifiorae, , 552 ; wood, 129 
Rosmarinus , 587 
Rosoideae, 554 
Rosolic acid, 80 
Rostellum, 488 

Rotation of the protoplasm, 52, 242, 244 
slow, method of, 263 
Royal Fern, Osmunda regalis 
Rozites, 214, 373 
Rubiaceae , 588 
Rubidium m plants, 172 
Rubimae , 587 
Ruboideae , 554 

Ruhtis , 554, *555 ; prickles, 36 
Rue, Ritta graveolens 
Rumex , 504, 505 ; acids, 74 
Runners, see Stolons 
Ruscus, *25 
Rush, Bog, Juncus 
Flowering, Butomus 
Wood, Luzula 
Russula, *368, 373 
Rust fungi, Uredmeae 
Ruta, *534 
Rutaceae, 534 

Rye, Secale , attacked by Glaviceps , 358 

Sabadilla, 466 

Saccamma, 282 

Saccharine in sap, 185 

Saccharomyces , 350 , form, 10, *11, 56 

Saccharomycetes, 350 

Saccharose, 74 

Saccharum, 480, *481, 482, 507 , wax, 
91 

Sacred Lotus, Nelumbium 
Saffron, 469 
Sage, Salvia 
Sagittana, *483 

St, John’s Wort, common, Hypericum 
perforatum 
Salep, Orchis 
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Solicit ceae , 493 
Sahsbmya, 443 
Salix, *498, 494 
Salsify, Tragopogon porrtfolius 
Salvia , *287, 293, 407, 587 
Salvmia, *408, *409, *410, *411; root- 
less, 44, 181 
Salvimaceae , 407 

Sambucus, *590; pliellogen, 141, *’142; 
slioot of, *170 

a\illai'y shoot and leaf, *21 
Sandalwood, Santalum album 
Red, 562 

Sandwort, Arenarut 
Sanguisotba, 554 
Saninda, 549 
Santa? aceae, 209, 566 
Santalin, 125 
Santalum, 566 
Sap, 185 ; -cavities, 19 
Sapindaceac , 535 , wood, 137 
Sttpinduiae, 535 
Saponatia, 509 
Saponin, 74 

Sapotaceae , 569 ; resin, 73 
Saprolegmeae, 346 
Saprophytes, 206 
Sapwood, 124 
Siucuia , *312 
Sargassum , 330 

194 

Sttrutcciua , trap, 216 
523 

Sarsaparilla, 46S 
Stf&saf) as, 517 
*SMw<3/r/, 587 

Saxtftaga, 551 , ealcnun-caibonate, 95, 
194 

Suxifi agaceae, 551 
Stnnfmguiae, 550 
SctthwMi, 595 

Sealauform vessels, 85, J 106, *110, *112 

Scale leaves, 29, 32 ; hairs, ''98, 99 

Seal* bark, 141 

Srandix, 549 

Scape, 28 

Srened.es m us, *319 

Seh istostega, 223, 391, *395 

Scluzaeaceae , 404 

fc^lnzocarp, 460 

Soft izumycetes, 305-308 

Schizonenia, 313 

Sduzophyceae, 58, 305, 306, 375 
Sthizophyta , 305, 306, 375 
Schizosteles, *111 
Schulze’s macerating mixture, 89 
Sc ilia, 466 , mucilage, 73 
Scirpoideae, 477 
Scirpus, 477 ; shoot, 25 
Scitammeae , 484 
Sderanthus , 508 


Sclerenchyma, 111 ; development of, *170, 
237, 266 

Sclerenchymatous fibres, *75, *82 
Scleroderma vulgare, *373 
Sclerottma, 359 

Sclerotiuni of the Myxomyeetes, 53, 304 , 
of the fungi, 341 ; of Glaviceps , 358 , 
of the Discoviycetes , 359 , of the 
Hymenomycetes , 368 
Scolopendrmm , *402, *403 
Scorpioid cyme, see Cmcmnus 
Scorzonera , 598 ; latex vessels, *84 
Scrophularia , 583 
Scl ophtilariaceae, 582 
Scutellum, 295 
Scyphantus , 261 
Scytonema , 380 
Sea-lavender, Statice 
-rocket, Cakile 
Secale, *480 
cormitum , 358 

Secondary growth of Monocotyledons, 138 
Sedge, Gyperaceae 
Sedum, 195, *551 

Seed, dissemination, 291 , germination, 
293 , development of, 456 
-leaves, 46 , -mantle, 432 ; -plants, 
432 , -coat, 458 
Seedlings, 294 

Selagmella, 415, 41S, *419, *420, *421 . 
nionopodial, 17 , desiccation, 179 , 
phosphorescence, 223 ; movement, 
247 , alternation of generation, 290 
Selagmellaceae , 400, 418 , bundles, 105 
Selective power of cells, 177 
Selenium m plants, 172 
Semen Colchici, 468 , Cydoniae, 556 , 
Lim, 533 ; Mynsticae, 515 , Papa- 
veris, 522 ; Quercus, 499 , Smapis, 
520 , Strophantlu, 595 , Stryclini, 
574 

Sempervivum, 195, 551 
Seneca, Polygala Senega 
Senecio , Senecioneae , 598 
Senega, 534 
Senna, 559 
Sepal, 446 
Separation, 275 
Septate wood-fibres, 127 
Septicidal dehiscence, 459 
Sequoia , 239, 440 ; stability, 165 
Set jama, 137, *138 
Serrate leaves, 30 
Sesleria, 194 
Sessile leaves, 29 
Seta, 392 
Setaria, 480 

Sexual reproduction, 275, 280 
Shallots, Alhum ascalomcum 
Sheatli, 32 ; conducting, 204 
Slieep’s-bit, Jasione 
n 9 
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Shepherdia , 540 
Shepherd's Needle, Scandix 
Purse, Gapsella 
Sherardta, 589 

Shields of the Chctraceae, 339 
Shoots, 18-28, 153 ; -apex, 4 18 ; adventi- 
tious, 225 ; pole, 227 
Shrubs, 27 
Sicyos , *266 

Sieve-tubes, *77, *85, *102, *103, *106, 
131, 133 ; -plates, 78, 84 ; -vessels, 
83, 84 ; parenchyma, 103 
Sigillaneae , 423 ; thickening, 120 
Silene, Silenoideae , 92, *507, 508 
Silica, 82 

Siliceous bodies, 72 , earth, 314 
Silicon m plants, 172, 175 
Sihculosae , *519 
Siliqua, 459 
Sihquosae, 519 
Silphium Ictcimatum , 254 
Silver in plants, 172 
Simarubacette, 535 
Simple leaf, 30 
Smapis, 519 , light, *235 
Simstrorse stem-climber, *261 
Sinuate leaves, 30 

Siphoneae, 325 , multmuclear, 60 ; tissues, 
86 ; polarity, 227 , flow of protoplasm, 
246 

Siphonogams, 431 

Sivosiphon , 376 

Sisymbi lum, 519 

Stum, *548, 549, 550 

Sleep movements, see Nyctitropic 

Slime fungi, Myxomycetes ’ 

Smilax, 466, 468 
Smyrmum , cotyledons, 295 
Snake-root, Polygala Senega 
Snapdragon, Antirrhinum 
Snapweed, Impatiens 
Snowball tree, Viburnum 
Snowdrop, Galanthus 
Snowflake, Leucojum 
Soapwort, Saponuma 
Sodium m plants, 172, 175 
Soil, absorptive power, 183 
Solanaceae , *579, 580 
Solanm, 74, 205 

Solarium , 581, 582 ; tuber, *24, 261 ; epi- 
dermis oi leaf, *345 ; tuberosum , 582 
Sohdago , 598 

Solomon’s seal, Polygonatum* multifloi uni 
Sonchus , 598 
Sorb us, 554 
Sored ia, 378 

Sorghum , 481 ; amylodextnn, 70 
Sorrel, Rumex 
Sorus, 402 

Sow-Thistle, Sonchus 
Spadiciflorae, 470 


Spadix, 461 
Sparassis , 370 

Spargamaceae, Sparganium 3 475 

Spartium , 25 

Spathodea , 193 

Spectrum of chlorophyll, *57 

Specularta , 593 

Speedwell, Veronica 

Spelt, Tnticum Spelta 

Spergula , 508 

Spermaphyte, 301, 432 

Spermatnim, 336 

Spermatia, of the Dictyotaceae, 334 , Red 
Algae, 336 ; Uredmeae, 366 , Fungi, 
380 

Spermatozoid, 66, 2S1, 302, 318 

Sperm nucleus, *67 

Spermogoma, 366, 380 

Sphaceha , 358 

Sphcterella, 243, *320, 321 

Sphaena , 356 

Sphaerothallia , 379 

Sphaerotheca , 352 

Sphagnaceae , 239, 390, 394 

Sphagnum, *391, *396 , cells, 146 

Spike, 460, *461 

Spikelets of Grammeae , 478 

Spilanthes , 599 

Spinach, Spmacia 

Spmacia, 507 ; starch, 69 

Spiudle, 30 , fibres, *61 ; -tree, Evonymus 

Spiraea , Spiraeoideae , 554, 555 

Spiral vessels, 85 

Spirillum , *11, 309, 312 

Spirochaete , 309, *312 

Spirodela , 475 

Spvrogyra 9 *316, 317 ; cells, *64 , pyre- 
noid, 71 , movement, 244 
Spir olobeae, 519 
Spiiuhnae, 244 
Splachnum, 392 
Spongilla , 213, 320 
Spongy parenchyma, 115 
Sporangium, 303, 318, opening, 24£; of 
the Oyatheaceae , *404 ; Eqmsetmae , 
413 ; Hydroptemdae , 402 , Marsih- 
aceae , 407 , Pteridopliytes, 399 
Sporangiophores, 342 

Spores, 45, 280, 300 ; of the Myxomycetes , 
50 ; thickening, 76, 78 , desiccation, 
179 ; dissemination, 248 
Sporidia, 362 
Sporocarp, 406 
Sporogomum, 384, 388, 392 
Sporophyll, 33, 399, 429 
Sporophyte, 398 
Spring wood, 123 
Spurge, Euphorbia 
Spurrey, Spergula 
Stability oi the plant-body, 164 
Stachy$ 9 587 


INDEX 


629 


Stalked leaves, 29 
Stamens, 427, 1 17 
Stammodes, 148 

Stapeliu, 576 , succulent stems, 94 
Staphylotoccus, 312 
Stir- Anise, 111 tent m 

Starch, *68, *69 ; grams, 199 ; transitory, 
204 

Starvvort, St el? ana 
Static e, 572 
Steqoeai pae, 392 
Stele, 109, 110 
Stella* la, 50S 
Stellatae, 589 

Stem, 109 , climbers, 25S, see also A m 

Slemomtis, *304 

Stncuinfce<n\ *528 

Stereoine, *169, *170 

Sfeteum, 370 

Stengniata, 342, *368 

Steiile seeds, 277 

Stickwort, Stella rut 

Stigma, *448, 149 

Stigmai ia i 423 

Stigmatic fluid, 194 

Stinging hairs, *96, 97 

Stipu petuutftt, 247 

Stipe, 194, 370 

Stipules, 29, 32 

Stock, Matt Inal a 

Stolons, 21 

Stomata, 94, 189, 222 
Stoneorop, Mossy, Set? am uae 
Stone-fruit, see Dnipe 
Stone wort s , Oh a / a am j 
Stoiksbill, E* odium, 

Shatiofes', 483 
Straw hen y, Ft uqavia 
Sit eptut ureas, *3 1 2 
Strict erut, *356 
Stioma, 356 

Strontium m plants, 172 
Struphanthu* s, 575 
Struejural deviations, 154 
Struthwpteris, 402 
Strychnin, 206, 571 
Stri/chuos, 574 
Style, *448, 449 
Styraeueeac, 569 
SPvax, 569 , liqiudus, 552 
Suherm, 80 

Suberised cell-walls, 80 
Subsidiary cells, 94 
Subtending leaf, 19 
Succisa, *595 

Suction roots, 43 , of transpiring shoots, 
*192 

Sugar, 73, 185, 199 , -cane, Saceharum 
Sulphur m plants, 73, 172, 173, 220 
Sulphuric acid, action in j>rotoplasm, 63 
Sumach, Mbits 


Summer Savory, Satureia ; Spores, see 
Uredospores 
Sundew, Diosera 
Sunflower, Helianthus 
Suspensor of the embryo of Lycopodiaceae , 
418 

Swarm-spores, 50, *51, 243, 303, 318 
Sweet Basil, Ocimmn 
Bay, Lauras oidbihs 
Flag, Acorus 

Sycamore, Acer pseudo- Platanus 
Symbionts, 206 

Symbiosis, 173, 211, 320, 377, 408 
Symbols lor periods of growth, 27 
Symmetry, relations of, 15, 16 
Sympetalae , 567 
Sympetalous perianth, 446 
Symphytum, 578 

Sympodial inflorescence, see Cymose 
Sympodmm, 17 
Syncarpous gyncecium, 448 
Synergidae, 454, *456 
Sip uiga , 226, 573 

Syiupus Mon, % 502; Ribium, 552 ; Idaei, 
55 6 

Systems of classification, 299, see also 
Tissue 

Tabasheer, 175 
Taman icaceae, Tamanx , 525 
Tamarmdus , *557, 559 
Tannin, 72, 74 

Tapetum of the Piendophyta , 399 
Taphrma, 352] 

Tapioca, 543 
Tap-roots, 42 

Taraxacum , 168, 248, *597 
Tarragon, Artemisia D f * acnnculus 
Tartaric acid, 205 
Taxaceae, 443 
Taxmeae, 132 

Tcuiodioideae , Taxodiwn , 439, 440 
Taxus , *443, *444 ; bundles, 117, *118, 
*119 

Tea, 525 ; see Thea 

Teak -tree, Tectona 

Teasel, Dipsacus 

Tectona , 585, 586 

Tegumentary system, 90 

Teleutospores, 364 

Tellurium m plants, 172 

Temperature, influence on growth, 234, 267 

Tendrils, 26 

Tentacles, 99, 215 

Terebmthma, 442 

Terebmthinae , 534 

Ternstroemiaceae , 525 

Tetragonia , seed, 294 

Tetraspores, 335, 384 

Teucrmm , 587 

Thcdamifiorae, 448 
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Thcdictrum , 117, 511 
Thallium m plants, 172 
Thallophyta , 301 , form, 13, 59 
Thalltis, 10-14, 375 
Thamnidium^ 348 
Thea, *524, 525 
Thecae, 447 
Them, 206 
Thelephoreae, 370 
Theobroma, *529 
Theobromm, 206 
Theoietical diagram, 39 
Thermatropism, 263 
Thesium , 566 , Haustoria, 209 
Thickening of stem, 75, 120, 137 
Thi&tle, Blessed, Onicus 
Common, Cirsium 
Plumeless, Qarduus 
Thladictntha dubia , 225 
Thlaspi , 172, 519 
Thorn-apple, Datum 
Thorns, *26 

Thorough-wax, Bupleurum 
Thoroughwort, Eupatonum 
Thrift, Armeiia 

Thibet, *433, 440 ; budding, *45 , leaf, 46 
Thyme, Thymus 
Thymelaea , Thymelaemae , 539 
Thymus , 587 

Tiha, *528 ; wood, 129, *130, *131, *132; 

pollen-grams, 430 
Tihaceae , *527 
T illandsia , 195 
TiUetia , Tilletiacecie , 361, 362 
Tm m plants, 172 
Tinnevelly Senna, 559 
Tissues, 86 > systems, 90 , distribution 

of, 108 ; secondary, 120 , tension 
of, 167 , mechanical, 169 
Titanium m plants, 172 
Toad-flax, Lmaria 
-stools, Agancmeae 
Tobacco plant, Nicotiana 
Todea afi ica?ia s 279 
Toluifera , 560, 562 
Tolypellopsis , 340 
Tomato, Lycopersicum 
Tomentella , basidia, 363 
Tonoplast, 55i 
Tooth wort, Lathrciea 
Tonhs , 549 
Torsion, 248, 258-262 
Torus, *76, *77 , of flower, 450 
Touch-me-not, Impatiens 
Touch- wood, Polypoi us fomentamus 
Tracheae, 84, 102, *126, 127, *128, 185 
Tracheal portion of vascular bundles, 101 ; 
tissue, 126 

Tracheids, 77, *82, 85, 102, 125, 126, *128 
Tradescantia, 470 , hairs, *53, 98, 244 ; 
nucleus, 62, *63 , epidermis, *94 


Tragacantha, 562 
Tragopogon , 248, 598 
Trama, 373 

Transfusion strands, 111, 112 
Tiansitory starch, 204 
Transpiration, 180, 186, 188-192 
Transversal geotropism, 256 , heliotropi&m, 
252 , zygomorplusm, 453 
Trapa> 236, 563 
Treacle-mustard, Erysimum 
Tree, 27 , -ferns, Cyatheaceae 
Trefoil, Trifolmm 
Tremella , basidia, *363 
Tremelhneae , 363, 368 
Trentepohlia, 322 
Tnanea , 245 
Tnchia, *305 
Tnehogyne, 336 
Tnchomanes , 405 
Tnehomes, 95, *96, *97, *98 
Tncoccae, 248, 540 
Trifohoideae , 561 
Trifolmm^ 561 
Triglochm , 483 
Tngonella, 561 
Tnmerous flowers, 462 
Trmiorphic heterostyly, 287 
Tnpl ocaules cent plants, 27 
Tmticum , 480, 482 , starch, * 69 , aleurone. 

*71 ; growth, 231 
Trvwridaceae , 484 
To opaeolaceae^ 532 

Tropaeolum , 532 ; leaf, 34, *199 , clnoma- 
tophores, *58 , amyloid, 81 , water- 
pore, *95 ; exudation, ■* 193 , helio- 
tropism, 254 

Truffle Fungi, Tuber aceae 
Trypsin, 54 

Tsugct canadensis \ leaf-bud of, *37 
Tuber, 23, 33, *354, 355 ; multiplication 
of, 278 

Tubera, 23 ; Acomti, 512 ; Jalapae, 577 , 
Salep, 490 

Tuberaceae , 352, 355 

Tubercle fungus, Bacillus Tuberculosis 

Tubiflorae , 576 

Tubuliftorae, 597 

Tuhpa , 468 , bulb, *23 

Turgidity, 165-167 

Turgor, changes of, 162, 167, 269 , tensrm, 
231, 247 

Turnip, Brassica Rapa , see also Betam 
-cabbage, Brassica Napus (. Napobrassica ) 
Tussilago , 597-599 
Twm-flower, Lmnaea 
Tyloses, *125 

Typha , 475 ; inflorescence, 225 , seed, 
294 

Typhaceae> 475 

Typhus bacillus, 309, *312 

Tyrosm, 203 
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Vlvaceae, 500 
Ulmus, *500 , leaf, '29 
Ulothnx , 323 , swarm-spores, *67 
Viva, 322 ; form, *12 
Umbel, *461 

Unibelltfeiae , 545, *546 ; oil-ducts, 88 

Utnbelhjlorae , 544 

U near ui, 589 

Undulate leaves, 30 

Unequal growth, 247 

Uniaxial plants, 27 

Unicellular hairs, *98 

Unisexual flowers, 428 

Urediaeae , 363, 364 

Credo, 367 

Uredospoies, 364 

Urginea , 466 

Urocystts , 362 

Uwmyces, 367 

Urtica, 503 ; hails, *96, 97 , movement, 
244 

Crticcueac , 503 , resin, 73 , latex tubes, 
83 

Urticinae , 499 
Csnea, 378, *379 
Vstilaginaceae , 361 
Vstilago , *361 

Utilisation of products of assimilation, 
201 

Ui? iculana, 584 , leaves, *35 , rootlets, 
44, 181 , glands, 215 
Vincula/ uiceae, 583 

Vaccixioideae, 1 accuuum , 56S ; fungus 
on, 359 

Vacuoles, '49, 55, 230 
Vagina, 29 
Vale/ uiaa, "591 
VaJe/iaaaceae , 590, 591 
Vale/ lanella, 591 
l 'attune/ 245, 283 
Valvate leaves, 37 
Valves, 313 
Va/ultki' '489, 490 

Vanillin, 54 , ligmJication, 80 , coniterm, 
206 

Varec, 334 
Vaueties, new, 154 

Vascular traclieids, 82 , bundles, 101 , 
ciyptogams, 101 , plants, 147 
Vauchena, 325, '326, *327| 

Vegetable ivory, Phytelephas 
Vegetative cell, *67 , point, 148 ; repro- 
duction, 275, 277 
Velamen, 42, 100, 194 
Velum, 372 

Venation of leaves, 30, '191, *463, fa 491 
Venus fly-trap, Dionaea 
Venus’s looking-glass, Specular la 
Veratrmum, 206, 468 
Veratrum, 466, 468 


Verbascum, *583 ; leaf, 30 

Verbena, Verbenaceae, 585, 586 

Vermes, 213 

Vernation, 37 

Veronica , 583 

Verpa, 360 

Veirucama, 380 

V ervam, Verbena 

Vessels, see Tracheae 

Vetch, Lathyrus 

Vibrio, 309, *312 

Viburnum, 590 

Vma, 561, 562 ; root, *211 , respiration, 
219 ; growth, *233 ; geotropic move- 
ments, *258 , attacked by Uroviyces, 
367 

Vicioideae, 561 

Victor uc, 514, warmth by respiration, 
221 

Vinca, *573, 575 , sclerenchymatous fibres, 
”75 

Vmcetoxicum officinale, *57 6 ; attacked by 
Cwnartium, 367 
Vine, Vitis mmfera 
Vinuni, 538 

Viola, 172, *523, 524 , epidermis, *96, 
99 , stipule, J "98 
Vtolaceae, 523 
Violet, Viola 

Alpine, Cyclamen europaeum 
Viper’s Bugloss, Eclmim 
GrahS, Scorzonera Juspanica 
Virginia creeper, Ampelopsis 
Viscum, *566, 567 , false dichotomy, *17 , 
epidermis, 139 ; nutrition, 210 , hypo- 
cotyl, 254 
Vitaceae, 537, 538 
Vital attributes, 160, 167 
Vitis, w 538 , wood, 129 ; tendrils, 26, 
*267 

mconstans , 267 

Vitte, 88 
Volva, 371, 375 
Volvocaceae, 320 
Volvoe, 319, *321, 322 

Wallflower, Gheiranthus 
Water- culture, 174 , imbibed, 177, 178 ; 
distribution of, 184 , exudation of, 
188, 193 , agency for dissemination of 
seeds, 292 

Water-ferns, Hydroptendeae 
-lily, Xymphaea 
-milfoil, Mynophyttum 
-pest, J Elodea 
-soldier, Stratiotes 
-stomata, 95 
-wort, Elatme 
Weigeha, 590 
Wehoitschia , 443 
Wheat, Tnticund 
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Wheat, “mummy,” 179 
Whorls, 451, 452 
Willow, Solve 
-herb, JSpilobium 
Winter spores, see Teleutospores 
bud, 21, 32, 96, 278 
Wistaria , 562 
Witches’ -brooms, Exoascvs 
Woad, Isatis 
Woljffict, 475 , rootless, 44 
Wood, 121 , parenchyma, 102, 126, ’ 130 , 
strands, 121 , late, 123, 126, * 127, 
129 , heart-, 124 , sap-, 124 , flljjfes, 
127, *132 

Woodbine, Lomcera 
Woodruff, Asperula 
Woodsorrel, Oxalis Acetosella 
Wormwood, Artemisia 
Wounds, 144 

Xakthin, 75 
Xantliuniiu 598 
Xanthophyll, 57, 59, 75 
Xanthona , ^376, *377, 379 
Xylana , 356 

Xylem, see Tracheal portion 
X^lochrome, 124 
Xyricloccoe, 470 


Yah, Lioscoreaceac 
Yarrow, Achillea 

Yeast budding of the Ilemiasa , 350 
Yellow Pond-lily, Xiqihar 
-rattle, Rlu net nth vs 
-wort, Ghlont 
Yew, Tcixvs 

Yucca , 249 , thickening, 138 , -moth, 214 

ZAJS r ARDimA } 331 
Zanmchelha , 4S4 
Zanonia, , 292 

Zea 9 *46 2, 480, 4S1 , bundles, *102, 103 , 
stem, ^109 
Zinc m plants, 172 
Zingiber , *485, 486 , etlieieal oil, 73 
Zingibd aceae, ’ 484, **487 
Zone, neutral, 244 , intei ference, 244 
Zooglcea, 309 

Zoospores, see Swarm-spores 
Zosteia, 484 

Zygnema, Zygncmttceae , 31b 
Zygomorphic plants, 16, 453 , fioweis, 
258, 264 

Zygomycetes, 341-343, 347-349 
Zygospores, 302 ; of the Conjirgutai, 315, 
fc 316 ; of Mucot, 34S, "349 
Zygote, 302 
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Edited by Rev. J. C P ALDOUS, M.A., Chief Instructor 
H M.S. Britannia, late Fellow of Jesus College, Cambridge 


BRITAIN’S NAVAL POWER. A Short History of 

the growth of the British Navy from the earliest times to 
Trafalgai By Hamilton Williams, M A., Pembroke 
College, Oxford. Instructor in English Literature to Naval 
Cadets m H.M.S Britannia. Part I 4s. 6d. net. 

This book has been leceived in such an altogether exceptionally favour- 
able manner that selection is well nigh impossible. 

OPINIONS OF THE PRESS. 

7'IJ/ES — “Wutten mainly for youthful readers and well calculated to instruct, 
enlighten, and interest them It is a plain simple record, lucid, judicious, and 
impartial ” 

SAl'URDAY REY/EW — “Precisely the book that was wanted The story of 
patuotic spirit and heroic endurance inseparable from the history of the British Navy Is 
admirably told in this volume.’* 

SPEC T A TOR — “We can praise the brightness of the narrative and the skill with 
which a difficult subject is made to assume a narrative form ” 

ACA DEM Y* — “An excellent abridgment of our Naval History ” 

GUARD/ ART — “We hardly know how the splendid Naval History of our country 
could be better treated on the scale laid down, and for such readers, young and old, as 
Mi Williams avowedly addresses, than it is treated by Mr Williams ” 

DAIRY CHRONICRE — “ It is everything it should be, excellently arranged, clear, 
interesting from the first page to the last and thoroughly trustworthy ” 

ATH EJYsE UJM — “ Forms a useful handbook for boys and for the general public.” 

PARR MARL GAZETTE — “An admirable book for boys, accurate, full, and 
well written ” 

J\ffiRJVfJ\TG POST — “ Air Williams has carried out his undertaking m a highly 
satisf ictoi} manner The concise account that is given of the chief naval events m 

oui history, and of the glorious manner m which Bxitannia’s rule was established, renders 
the wuik of great value for easy reference, besides providing a means of cultivating a 
wwIp conception of England’s gieatness and of the importance of maintaining her naval 

supiutnacy ” 

BRO^ID ARROW — “ No better compilation could have been put together for the 
puiX^osc, and we would heartily rejoice to see it used m every school m England ” 



OPINIONS OF THE PRESS -Continued 


SPEAKER — “Mr Williams* book is welcome and well-timed Eveiy boy should 
read it, Every school should utilise it as an easy and a popular holiday task " 

CAMBRIDGE REVIEW — “ Mr Hamilton Williams has met a real want, and a 
get-at-able school history of our glorious Navy deserves every success ** 

DEEDS MERCURY — “There is hardly a page m it which any intelligent boy will 
consider dull, and no boy will read it from cover to cover without feeling proud to belong 
to England ” 

MANCHESTER GUARDIAN — “ The value of this most interesting little book is 
increased by the addition of a chronologicaHable, some illustrations from old prints, and 
a good index.” 

NOTTINGHAM GUARDIAN — “Deserves a wide circle of readers amongst all 
classes of all ages ” 

SHEFFIELD DAILY TELEGRAPH — “ A capital book to put into the hands 
of our youths ” 

NORTH BRITISH ECONOMIST —“Mr. Williams has produced a book which 
is calculated to stir the blood and kindle the imagination,** 

BRADFORD OBSERVER — “A painstaking effort to record the most brilliant 
deeds of our Navy from the earliest times to Trafalgar Mr Williams has succeeded 
admirably in his purpose ” 

NEWCASTLE DAILY CHRONICLE — “ A spirited and graphic as well as care- 
fully chronological record of the achievements of the English Navy " 

PERTHSHIRE ADVERTISER — “Does not need Lord Brassey*s commendatory 
note to assure it of a welcome from a patriotic people " 

HAMPSHIRE TELEGRAPH — “ The design of the book is excellent ** 

* 

SUNDAY TIMES — “Mr. Hamilton Williams has written a book which may well 
stir the blood of the most aged and jaded of Englishmen, but should fire that of the lads of 
Britain. 5 * 

COMMERCE — “ Excellently picturesque and readable, without being slovenly, and 
made as brief and succinct as is compatible with usefulness A highly valuable book of 
exactly the character which is needful at the present time." 

SCOTSMAN — “ This very acceptable contribution to our Naval History ** 

YORKSHIRE POST — “ Admu ably written and as attractive asa novel. It should 
be a book of real use to the nation. 9 ' 

HASTINGS NEWS — “ The very best short Naval History that we possess " 

CHESHIRE EVENING ECHO — “A vivid picture of the glorious deeds of otu 
noble fleet " 


BRITAIN’S NAVAL POWER. Part II. is appearing 
immediately, containing the History and Development of the 
Royal Navy to the present day. 

MACMILLAN AND CO, LTD, LONDON. 
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STEAM! AND STEAM MACHINERY. By Fleet-Engineer 
J. Langmaid, R N., and Engineer H. Gaisford, R.N. Pro- 
fusely Illustrated with Wood Engravings. 6s net 

STEA MSHIP — “ There can be"no question that the information given in this booh, 
accompanied as it is by over eighty illustrations of more than usual excellence, will prove 
highly useful m the subsequent study of the marine engine.” 

AC HI N ER Y — “ That better authorities than the authors of this publication could 
have been found, no one would be prepared to state , and their experience has enabled 
them to produce a volume which is at once thorough and complete The large number 
of illustiations which adorn its pages are exceptionally well produced, and every care 
seems to have been exercised in their selection and appropriateness ” 

ED UCA TIONAL TIMES — “ Those who wish to study the construction of a marine 
engine * - cannot do better than procure this volume It is intelligible to the veriest 
tyro, and is half made up of illustrations all beautifully drawn and highly finished We 
wonder how the book can be brought out at so low a price M 

BROAD ARROW — “The work is altogether a most valuable text-book, and its 
value is enhanced by the excellent, and in many instances elaborate, plates which it 
contains ** 

I R ON, STEEL, AND COAL TIMES — “The whole book is what an elementary 
text book should be, simple m its language, precise m its information, and well illustrated 
In fact the whole execution of the book cannot be too highly praised It cannot fail to be 
of the greatest assistance to the student ” 

SCIENCE AND ART OE MINING , — “No marine engineer, and no engineering 
student, marine 01 otherwise, should be without it/' 


SCIENCE AND ART DRAWING. Complete Geometrical 

COURSE consisting of Plane and Solid Geometry, Orthographic 
and Isometric Projection, Projection of Shadows, the Principles 
of Map Projection, Graphic Arithmetic, and Graphic Statics 
By J. Humphrey Spanton. Gold Medallist of the Royal 
Academy. Instructor in Drawing to Naval Cadets. 8vo. ios net 

JOURNAL OF THE ROYAL INSTITUTE OF BRITISH ARCHITECTS — 
“ Mr Spanton’s goodly volume, viewed as a treatise on Geometrical drawing^ is excellent, 
and gives everything that a student would be expected to require for the examinations 
which it contemplates It is no mere elementary introduction, but a good solid treatise 
on the subject, entering fully into its more abstruse branches, such as the projection of 
shadows and interpenetration " 

NA 7 LIRE — “ The figures, which must of necessity form a distinctive feature in 
work of this nature, are good throughout The pages are remarkably free from error, an 
the book will no doubt fulfil a want felt by many for a practically complete course ” 

PRACTICAL ENGINEER — “ The book altogether is one which, we have pleasure 
and confidence m lecommendmg, both to students and teachers alike ” 

OXFORD MAGAZINE — “ Mr Spanton has produced a treatise which is at once 
completer and more scientific than any of its predecessors He has not contented himself 
with giving the constructions for the various problems, but has indicated the reasons for 
the several steps The most noteworthy chapters are those on Come Sections and other 
Plane Curves, Skiography, Interpenetration of Solids, Graphic Arithmetic, and Statics ” 

EDUCATIONAL, TIMES — “We need only add that it is an excellent treatise, 
both m conception and in execution, and marks a new departure m text-books of 
geometrical drawing ” 

GLASGOW HER 4LD — “The diagrams are excellently done , indeed, the whole 
book is got up in an almost sumptuous manner . . Certainly the book is worthy of 
praise m every resp^t* ” 

S0O TSMA N . — “ Tlfce requirements of the student who is working by himself have been 
specially considered It is a capital text-book, the subject being admirably expounded " 

MACMILLAN AND CO., Ltd., LONDON. 
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Just Published. Pi ice $s 

A COMPLETE PERSPECTIVE COURSE Including Pio- 

jection of Shadows ana Reflections, Practical Hints for Sketching and Methods for 
Correcting Photographic. Distortion By J Humphrey Spanton, Gold Medallist 
of the Royal Academy For the last thirty years Instructor in Perspective to Na\al 
Cadets 

GLASGOW HERALD — “The author shows great judgment m detecting and 
meeting the difficulties that puzzle a student who approaches the subiect for the first time M 
ENGLISH MECHANIC — “ To those who desire to learn how to draw m Perspective 
the work may be recommended, as the subject is treated as clearly and successfully as it 

possibly can be xn a book ” - , 

SCO TSMAN — “ There is also an interesting chapter on the perspective of photographs 
and the methods of correcting the distortion produced by lenses of various types M 

AN ELEMENTARY COURSE OF PHYSICS. Edited by Rev. 

J C P. Aldous, M A , Ofcuef Instructor, H M S Britannia , , late Fellow of Jesus 
College, Cambridge Part I Mechanics — Properties of Matter — Hydrostatics — Heat, 
by Rev J C P. Aldous, M A 420 pp 4s 6d Part II Wave Motion — Sound — 
Light, by W D. Eggak, M A , Assistant Master, Eton College. 220 pp ss od. 
Pait III Magnetism — Electricity, by Professor F. R Barbell, M A , II Sc , 
University College, Bristol, late Instructor m Natural Science, H M S Britannia 
230 PP 2s. 6d Complete m one volume 7s 6d 

PHYSICS NOTE-BOOK. Descriptions and Laws m Letterpress, with 

Space for Students* Drawings of Experiments 4 to 2s 6d net. 

KNO W LEDGE — “ The plan of the book will, it strikes us, serve two useful purposes, 
namely, the elimination of a good deal of writing m the laboratoiy, the time sa\ed being 
available for actual experiment , and, second, the necessary formulas being given, time 1*, 
again economised bv obviating the irksome task of too-frequent reference to books * 

GLASGOW HERALD — “The text of the course m Physics is printed m full, but 
abundance of space is left for the student’s own sketches of the apparatus and draw mgs of 
experiments All who have gone through a course of science teaching will at once pertcn c 
the excellence of the plan of this book w 

LECTURES MARITIMES. By Leon Delbos, M.A Fiench 

Stones and Conversations Nautical Subjects 2s net 

SA TURD A V REVIEW* — “The worst of technical handbooks to a foreign language 
is exactly this, that expert and literary competence are very raiely, found together. Hcie, 
so far as we can judge, they are so found, and the result is excellent ” 

SCHOOL GUARD i AN — “These lectures will be found very useful to any 
French student while not yet far advanced The author has endeavoured to picserve 
throughout a conversational style and has added specimens of official correspondence which 
cannot but prove very suggestive ” 

SCOTSMAN* — “The language of the sea is as different from that of landsmen m 
France as it is in England , and M Delbos* book is admirable as a discipline to the speech 
of French navigators The readings are varied m style, are well equipped with notes and 
a good vocabulary, and make an admirable book of instruction *’ 

SEA STORIES for French Composition. Collected and annotated 

By Leo*t Delbos, M A. 2s. net. 

SCHOOLMASTER — “ These spirited stories of sea life will form useful and interesting 
exercises for translation into French At the foot of each page are notes on the rendering 
of difficult passages, and the last part of the book consists of some concise and lucid hints 
on French composition that add to the practical value of an alreadv admirable book ” 
OXFORD MAGAZINE — “ This little volume is similar in character and woikman- 
ship to the collection of French stones by the same editor, of which we spoke favourably 
on its appearance The idea and the execution are alike excellent ” 
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